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ABSTRACT

An analysis has been developed for determining the dynamic

response of airplanes to runway unevenness during take-off or

landing and has been programmed for numerical solution on an

IBM 7090 digital computer. This analysis permits the inclusion

of the landing gear non-llnear characteristics and the flexural

mode characteristics of the free-free airframe. To test the

practicability of the analysis the dynamic response of the Boeing

733-94 (SCAT) supersonic airplane and the Boeing 707 airplane on

Runway 12, Langley Field, and on Runway 28R, San Francisco Inter-

national Airport was determined. The numerical results are pre-

sented in graphical form and their significant characteristics

are discussed.

In addition statistical methods of analysis of certain

non-linear systems which may be applicable in determining the

dynamic response of airplanes to run_yunevenness of the sta- /_

tionary type are also included in this report. 2/_/_ _
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I INTRODUCTION

The effects of runway unevenness on the design and operation of airplanes has

been subject to scrutiny for a number of years. The National Aeronautics and Space

Administration recognized this problem at its start and has devoted considerable

attention to it.

Although in the literature the term "runway roughness" is used, it is preferred

herein to refer to this characteristic as "runway unevenness" since it is the longer

wave length variations in the longitudinal profile of the order of 50 to lO0 feet

that are significant and not the shorter wave length variations. Thus, changes in

runway profiles due to intersections, unequal settlements, etc. could possibly re-

sult in unevenness detrimental to airplane operation. It was the primary objective

of this investigation to study the dynamic response of airplanes resulting from this

type of unevenness. To carry out this objective an analytical method _as developed

which would yield (1) the dynamic loads induced in the airframe and landing gear sys-

tems, and (2) the vertical accelerations experienced at the pilot's position, as the

airplane eceelerates or decelerates on the runway during take-off or landing. It is

important to have this information, particularly for the supersonic transport since

it must be designed to operate at airports now being served by large supersonic Jets.

Two general methods of analysis have been considered in this investigation, i.e.

deterministic and statistical (power spectral). The statistical approach is easily

applied if the runway unevenness is of the stationary type and if the airplane has

linear response characteristics. However, since the response characteristics of the

airplane are non-linear, this approach has been difficult to apply regardless of the

type of unevenness considered. In any case this approach does not apply when con-

sidering such discrete conditions as the unevenness present at most runway inter-

sections. To properly consider these conditions one must use a deterministic

approach.

*See bibliography



The deterministic approach described in this report is a numerical step-by-

step approach which makes use of the digital computer. This method of analysis

was selected because of the highly non-llnear characteristics of the landing

gear systems. The landing gear spring is highly non-linear over large displace-

ments and the damping present usually consists of both Coulomb damping and non-

linear viscous damping. To properly include these non-linear effects, one must

solve the non-linear differential equations of motion.

Thus the deterministic analysis, in brief, consists of (1) setting up the

coupled differential equations of motion of the airplane which govern the response,

(2) determining the forcing functions to be introduced into these equations which

are directly related to the profile of the runway and to the time history of the

airplane velocity during take-off or landing, and (3) solving these differential

equations of motion numerically on a digital computer. Ten coupled differential

equations of motion were solved in the investigation reported herein. This number

of equations provided for two rigid body modes (i.e. vertical translation and

pitching of the airplane), six symmetrical flexible modes of the free-free air-

frame, and an additional degree of freedom which is present in each of the two

landing gear systems. These ten equations were put in difference form and coded

for solution on the _ 7090 computer; thus, yielding numerical solutions for

the following parsmeters at any point along the runway as the airplane accelerates

or decelerates during take-off or landing:

i. Vertical displacements of nose-gear and main-gear wheels

2. Forces on the runway pavement exerted by the nose-gear and main- gear

3. Vertical displacement at pilot's position

_. Vertical acceleration at pilot's position

5. Vertical translation of the airplane center of gravity



6. Pitching (rotation) of the airplane about the center of gravity

7. Generalized coordinates of each flexible mode.

In order to test the validity of the deterministic approach, Boeing and

Lockheed furnished the structural characteristics for their supersonic transport

design (SCAT) developed for the National Aeronautics and Space Administration.

In addition, Boeing furnished similar information for the Boeing 707 airplane.

Because of the limited time available for this study only the Boeing data

(707 and 733-94) were used in the analysis.

The dynamic response of the subsonic 707 and the supersonic 733-9_ airplanes

was determined using Rnnway 12 at Langley Field, Virginia, and Runway 2JR, San

Francisco International Airport, as input profile data. Using the Langley Field

data, the response of each airplane was determined for a constant velocity of

100 ft/sec. (59 knots). Using the San Francisco International Airport data,

the 707 airplane was accelerated frGn zero velocity at an assumed rate of 5.36

ft/sec 2 and the 733-9_ airplane was accelerated from zero velocity at an assumed

rate of 6.0 ft/sec 2.

Although the statistical or power spectral approach cannot properly reflect

the effect of discrete runway unevenness such as occur at runway intersections

or at points of excessive settlement, it may be very useful when considering

fatigue effects within the landing gear systems. The application of this

approach to non-linear systems is normally very difficult. However, an attempt

has been made in this report to show how this approach might be applied to

non-llnear systems. Further investigation is needed to verify the validity of

this method.

3



II DETERMINISTIC APPROACH

General

As previously mentioned a rational design of an airplane operating on run-

ways should take into consideration both the effects of discrete runway bumps

as well as the effects of the more stationary type of runway unevenness. A

single discrete runway bump of relatively long wave length (50 - 100 ft) could

possibly create large dynamic loads and vertical accelerations at the location

of the pilot. Because of the discrete character of this problem_ it is

necessary that time histories of the transient dynamic response be determined

using airplanes having known structural characteristics and using various

types of bumps as the excitation. Since this problem is a deterministic one,

it can be solved rapidly using a digital computer and the numerical procedures

set forth in the following sections of this report.

Idealization of Aircraft

Fig. 1 shows diagrammatically the idealized representation of the air-

frame-landing gear systems used in this investigation. In the analysis it

is assumed that the profile elevation of the runway, as measured from an

arbitrary horizontal datum plane and designated by h is constant across the

width of the runway; thus, the dynamic response is sYmmetrical about the

longitudinal axis of the aircraft. The quantities W and J as shown in Fig. 1

represent respectively the total weight of the airplane and its rotary moment

of inertia with respect to a transverse axis through its center of gravity

(C.G.). The airframe, instead of being considered as a rigid body, is treated

as a flexible system.



For smaller aircraft, a rigid body representation of the airframe is

usually sufficient; however,for large supersonictransports the landing gear

attachmentpoints experiencesuchlarge vertical displacementsrelative to the

nodal points of the flexible airframe that the interaction effects betweenthe

deformationsof the airframe and the landing gear systemsmust be taken into

account.

The landing gear systemsare consideredto be the standard conventional

oleo-pneumaticshockstrut type (19). Thedynamicanalysis as used in this

investigation therefore takes into account the forces due to the hydraulic

resistance of the orifice, the forces dueto air compression,andthe forces

due to internal friction in the shockstrut. Theseforces canbe represented

as shownin Fig. i by a nonlinear dashpot, nonlinear spring anda Coulomb

frictional device respectively. Thetire force-deflection relationship is

essentially linear so that a linear spril_g canbe used to represent it. Damping

or hysteresis effects in the tire are sufficiently small so that they canbe

neglected. Eachof the two lower masses,as representedby weights W1andW2

in Fig. i represent the wheelmassesplus an effective massof the landing

gear systemin eachcase.

Equations of Motion of the Free-Free Airframe

The free-free airframe is considered as a two dimensional elastic system

as illustrated in Fig. 2a. The forces acting on the airframe consist of

the concentrated landing gear forces Q1 and Q2 and the aerod_ic lifts L1

and L2 passing through their respective aerodynamic centers (a.c.)l and

(a.c.)2. The aerodynamic forces as presented here represent those forces on

a delta wing type aircraft which has a forward canard lifting surface. These

aerodynamic lift forces may be expressed as follows:



0

L1 = (LII + LI20 I) v-

9

L2 = (L21 + L2282) v-

(i)

(2)

where

1
LII = 511 (2-PSl)

180. 1

512 (-6-)= ([pS i)

i
L21 = 521 (_PS2)

,i8o,L22= 522

(3)

and where

v is the speed of the airplane ,

el, 02 are the angles of attack on the wings and the canard, respectively,

511, 512, 521 , 522 are the aerodynamic lift coefficients,

p is the density of the aid

Sl, 82 are the plat form areas of the wings and the canard, respectively.

The equations of motion for the airframe are formulated in terms of the

normal flexible modes of the free, unrestrained airframe and the two rigid

body modes, namely, vertical translation and pitch. In the analysis only a

finite number N 1 of the flexible normal modes need be considered.

A set of reference axes (x, y) as shown in Fig. 2 with the origin located

at the center of gravity of the airframe is used. The total vertical dis-

placement w(x,y,t) of any point on the airframe can be expressed in terms of

the rigid body translation, the pitch or rotation of the x axis about the

y axis,and the elastic deformation of the airframe with respect to the moving

xy axis. Thus the total vertical displacement of any point on the airframe

from any horizontal reference plane can be expressed by the equation:

6



N

w(x,y,$ --_, cJ (x,y) Xj (t) ; N = N1 + 4 (4)

J=3

where the translation and rotation of the x axis are represented by rigid

body modes of zero frequencies and denoted by

_3 (x,y) = 1 _3 = 0

¢_ (x,y)_-x % _ o
(5)

The terms X3(t ) and X4(t ) represent the generalized or normal coordinates,

respectively, of these rigid body modes. The elastic displacements of the

airframe with respect to the xy axes are represented by a superposition of the

flexible normal modes which have finite frequencies. The shapes an_ corre-

sponding frequencies of these modes are denoted by:

¢5 (x,y) to5

¢6 (x,y) _6

l I

a g
I j

(6)

following :

X3 _ M3X3 t)g = P3(

J X4 m M4X 4 = p4(t)

MjXj + 2k MjmjXj + Mj_j2Xj = Pj(t); J = 5,6,. • N

(7)

(8)

(9)

and their respective normal coordinates are represented by X5(t) , X6(t) ....

XN(t).

It is to be noted that Xl(t) and X2(t) are reserved for the vertical

displacements of the unsprung masses MI and M2 respectively.

The equations of motion of the elastic airframe therefore consist of the



In Eqs. (7), (8), and (9) and in the following,dots represent time derivatives,

Mj is the generalized mass of the jth mode and k is a damping coefficient which

is assumed to be the same for each flexible mode. Pj(t) is the generalized

forcing function of the Jth mode and is given as follows:

Here _ and _ represent the total interacting forces between the airframe and

the main and nose landing gears, respectively. _ and _ represent corresponding

static value when v_0. The notation _ denotes the Jth mode shape; the subscripts

i of _J indicate the location on the airframe where the _J values are referred to.

Thus, i=l and i=2 refer to the points 01 and 02 on Fig. 2a respectively; i=3 and

i=4 refer to the aerodynamic centers (a.c ")i and (a.c.)2 respectively.

E_uations of Motion of the Unsprun6 Masses

Consider the ith landing gear system as shown in Fig. 2b. X i represents the

displacement of the mass M i and Ui represents the vertical displacement of point

0i; both Xi and 0i are measured from their respective equilibrium positions at v=0.

U i can be expressed in terms of the normal coordinates X i of the airframe as follows:
N

U.l =_, Xj(t) _ij (ll)

j=3

The interacting force between the ground and the tires is Fti and is expressed as

Fti = Kti (Xi + X.l + hi) (12)

where Kti is the stiffness of the tire spring and _'l is the static downward dis-

placement of the mass M i. To take into account the fact that the landing gear

tires might leave the runway surface at certain instants of time and that the

tire spring forces can not take on negative values, Kti should be assigned a zero

value whenever the quantity in the bracket to Eq.(12) becomes smaller than zero.

In the suspension system the nonlinear spring force (pneumatic force) is given

by the relation V .

Fsi = PaoiAai (V ol ) (13)
oi - AaiSi

8



where

Paoi is the air pressure in the upper chamber for fully extended strut,

Aai is the cross sectional pneumatic area,

Voi is the chamber air volume for fully extended strut, and

sl = Ui - Xi +_i is the strut stroke.

The term _. represents the static shortening of the nonlinear spring. The damping
i

force (hydraulic force) in the suspension system is denoted by Fdi and is expressed as

_'_ OiAhi3 .2

Fdi : _ 2(Cdi(Si))Ani2.. s i (14)

where

Pi
is the mass density of hydraulic fluid,

Ani is the net orifice area,

_i is the hydraulic area,

Cdi is the coefficient of discharge.

The factor _ is simply introduced to indicate the proper sign of the hydraulic

resistance. For brevity, the damping force is rewritten in the following form

_i .2

FdioT 7Di(si)si

The internal frictional force in the suspension system depends on the magni-

tude of the forces on the axle, the spacing of the bearings and the coefficient

of friction between the bearings and the cylinder walls and results in a rather

complicated expression ( 19 ). In this analysis it is assumed that the frictional

' i.e._ it isforce Fi developed in the suspension system varies between ± Fi,

!

assumed to be a Coulomb friction force. As long as-F1 < F i < Fi, the suspension

spring for system i remains inactive and si = s'i = O. Hence Fdi=O. On the other

hand, if IFII=F_, that is when FI=FIT ]the suspension spring becomes active

and the damping force ccmes into play.

The equation of motion of the unsprung mass M i is established by considering

the mass itself as a free body as shown in Fig. 2b; thus one obtains

MiX i = W.I + Qi - Fti i = 1,2 (16)



where

Qi = Fdi + Fsi + Fi (17)

Nowthe forces Fsi, Fdi , Fti canall be expressedin terms of the strut stroke

si and its first time derivati_m _. andthese in turn canbe expressedin1
terms of the coordinateX. and its time derivatiw accordingto Eq. (ll).l

Numerical Integration Procedure (31), (32)

The equations of motion of the unsprung masses Eq. (16) and those of the

airframe Eqs. (7), (8)_ (9), form a set of nonlinear differential equations of

motion equal in number to the number of degrees of freedcm of the airframe -

landing gear system. These equations are solved numerically by means of a step

by step method of integration. The time required for the airplane to traverse

a certain distance of the runway is dividea into a number of short intervals

At. Let it be assumed that the values of the displacement, velocity and accel-

eration of each coordinate of the system are known at a time t-_t and it is

desired to find the corresponding values at time t. The method used to accc_-

plish this is the Linear Acceleration Method. In order to avoid iteration

each time increment, some approximations have been introduced into the non-

linear system. First, over each small time increment, the nonlinear time

dependent damping force is approximated by

Fdi = _iT IDi_Si)fii]t__ '_i) t (18)

The quantity in the square bracket is evaluated at the time instant t-At.

Second, the spring force in the suspension system is piece-wise linearized.

Thus,

where

Fsi : (kli)t_At (si) t + (k2i)t. At (19)

(hli)t_A t and (k2i)t.A t

are evaluated at the instant t-At.

l0



With these spproximationsintroduced, the equations of motion of the systemare

linearized at each instant of time andcanbe arrangedto be put in the following

form.

where {X_ is the displacementvector of the system,

{X) isthevel°cityvect°rofthesystem_

_X} is the acceleration vector of the system,

_ is the function" vector of the
"forcing system,

[M] is the mass matrix,

[C I is the dampingmatrix,

J

K] is the stiffness matrix Q

The linear acceleration method is based on the assumption that the acceleration of

each coordinate of the system varies linearly within a time increment At. The

velocity and displacement of each coordinate at the end of the interval are then

determined in terms of the known acceleration, velocity and displacement at the

beginning of the interval and in terms of the unknown acceleration at the end of

the interval, thereby

-At -At

{X} t <X}t _At At < }t_At +At2 _}
t-At

(21)

The unknown acceleration is evaluated by satisfying the equations of motion of the

system at the end of the time interval, that is at time instant t. Thus, substit-

uting Eqs. (21) and (22) into Eq. (20) yields the following equation for the

acceleration at the end of the time interval.
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where .

(23)

t-_t
(25)

= X + _ t__t + _-{X}t-&t (26)

The velocity and displacement at the end of the interval can now be obtained

using Eqs. (21) and (22).

The initial displacement and the initial velocity are given as the initial

conditions of the problem and the initial acceleration is determined from Eq. (23) as

The step-by-step response of the system is given by repeated application of

Eqs. (21), (22), (23), and (2_).

It is to be noted that because of the Coulomb friction force in the landing

gear systems, a distinction must be made between the case when the absolute

value of the Coulomb friction force in a particular landing gear system has

reached its limiting frictional value and the case when the absolute value of

the Coulomb friction force is smaller than its limiting value. For the latter

case the Coulomb friction force must be treated as an unknown quantity and an

additional condition must be imposed on the system; that is, there is no relative

motion between the unsprung mass of that landing gear system and the landing

gear attachment point on the airframe. Thus, the solution of the equations of

motion are obtained according to whether IFil is smaller than or equal to F[

and is described as follows:
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i. Both landing gears are unlocked, that is IFil = F_, i=1,2--Express Fsi, Fdi

andhenceQi in terms of the coordinates of the systemand their derivatives

according to Eqs. (19), (18), (17), (ll). Substituting these Eqs. into the Eqs.

of motion (7), (8), (9), (16)and, after rearranglng,gives Eq. (20)where IMI ICI
P" "I

[K] are syn1_1_etrlc and their re spective elements are given below:

Mij = Mi ; J=i ; i=l, .... N

Mij = 0 ; J_i ; i=l, .... N (28)

c12 _ 0

cii = Gi ; i=1,2

cij =-Gi*Ji ; i=l,2 ; J=3, .... N

2

el__ = Gk¢ + ciSi. _ ; i=3, .... N _ J=,i, .... N
k=l

where Gi = ' [Di(si)si It_At'

5ij is the Kronecker Delta f_anctlon, that is, 8ij = (

(29)

and ci = 2kMi_ i

K12-- 0

Kil _ Kll + Kti ; i=ij2

Kij=-_i¢__ i--1,2;J=1,.... N
2

_. i J Mi_ ; i=3,--- N ; J=i,--- NKij _ Kik_kCk + iJ

k=l

_R}of Eq. (20)are

Ri _ Wi + F_ + Fsi - Kti (Xi + hi) ; i=1,2

2

i=l

(30)

i, i=j (31)
o? i_j

(32)

(33)

(34)
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where Fsi denotes the static value of Fsi.

Application of the linear acceleration method yields the displacements,

velocities and accelerations in the system. The force elements Fti , Fsi , and

Fdi in the tire-landing gear system can then be obtained using Eqs. (12) (19),

and (18).

!

2. Both landing gears are locked, that is IFil < Fi , i=l,2-- In this case

the total interacting forces between the landing gears and the airframe, _,

i=l,2 are first obtained using Eq. (16), the equations of motion of the unsprung

masses_and substituted into Eqs. (7), (8) and (9), the equations of motion of the

airframe, thus giving N-2 differential equations in terms of the N coordinates

of the system. Two additional conditions are introduced as follows:

(35)

gets, after rearranging, a set of N differential Eqs. (20) where the

of the matrices [MI, [cI, and IKI are as follows:

N

J=3

Thus one

elements

Mii = -M i ; i=l,2

M12 = 0

Mij = -Mi_ _ ; i=l,2 ; J=3, - - - N

Mii = M i ; i=3,- - - N

Mij = 0 ; i-3,- - - N ; J=i+l,- - - N

cii = ci ; i=3,- - - N

Otherwise cij = 0

Kij = 0 ; i=l,2 ; J=i,- - -
2

=Z " 2Kij Ktk_ _ +SijMi_ j

k=l

N

(36)

(37)

; i=3,- - -N ; J=i,- - - N (38)
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The elements of the column matrix _R}are

Rj = 0; J=l,2
2

- Zoi)- W i- Fsi)l;J=3,- - N (B9)

where Zoi is the stroke shortening of the ith landing gear.

The solution of the above equations of motion gives the displacement,

velocity and acceleration of the system as before. The Coulomb friction forces

are obtained from Eqs. (16) and (17) and the remainder of the forces in the

tire-landing gear systems are obtained using Eqs. (12), (18), and (19).

5. The main landing gear is unlocked and the nose landing gear is ]ocked;

that is, IFll = Fi and IF21 < F_-- In this case, Q2)the interacting force

between the nose landing gear and the airframe is obtained from Eq. (16),

the equation of motion of the nose landing gear. Substituting the Qi's into

the equations of motion of the airframe and Qi into the equation of motion of

the main landing gear, rearranging, one obtains a set of N-1 differential

The additional necessary

(_o)

equations of motion in terms of the N coordinates.

condition is obtained by imposing the condition

N

J=3

resulting in N equations in the N coordinates, Eq. (20). The elements of the

matrices are:

Mii = -(-1) i M i _ i=l,2

Mij = 0 ; J=2, - - -N

M2j = M2_ _ ;J_3,- - -N

Mii = M i ; i=3, - - -N

Mij = O ; i=_, - - -N ; J=i_l, - - -N (_l)
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For

Cll = GI

el2= 0

Clj =-Gl_l j ; J'3,---N

c2j = 0 ; J=2, - - -N

cij i_i_i + 8ijc j ; i=3, - - -N ; J=i, - - -N

Kll = Ktl + kll

m_=o

K2j=o ; j=2,---_
lj Ij 2

Kij = kli¢i¢ I + Kt_2¢ 2 + DIjMj _j ; i=3, - - -N ; J=i, - - -N

%_= wI +F{+_'sl

_=o

-Ktl(Xl+hI)

(42)

(_3)

= . . ¢iFi - + -no2) - .

J=B.... N (_)

The solution of the above equations of motion gives the value of the dis-

placements, velocities and accelerations of the system. The Coulmmb friction

force F2 of the nose landing gear is determined from Eqs. (16) and (17). All

other forces in the two tire-landing gear systems are obtained through Eqs.

(12), (18), _d (Zg).

!_. The nose landing gear is unlocked and themain landing gear is locked;

that is IF21 = F_ , IFll < F_- This case is similar to the case described in

3. Following the procedures described in 3, we arrive at Eq. (20). The IMl,
F _ P _ LJ

[C], [KI and _R#matrlces of the resulting equation (20)can
be obtained from

the corresponding matrices for the cases described in l, 2, and 3, nmmely,

each matrix in this case is equal to the sum of the corresponding matrix in
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cases 1 and 2 minus that in case 3. Having solved the equations of motion the

Coul_nb friction force of the main landing gear is obtained using Eqs. (16) and

(17). The rest of the forces in the tire-landing gear systems are obtained

through Eqs. (12), (18) and (19).

Computer Program

The method described in the previous section has been programmed for the

IBM 7090 digital computer. The program consists of five parts described as follows:

Part 1. The purposes of the program "Profile" are

(a) to compute, from the profile elevations of a given runway, the profile

elevations at the main and nose wheels at each successive instant of time

according to the time interval (oi intervals) chosen for the ccmputatlon of the

response of the airplane and the time history of the speed of the airplane

during take-off and landing_,

(b) to ccmpute_ from the time history of the speed of the airplane on the run-

way, the speed of the airplane at each successive instant of time so one can

determine the aerodynamic lift forces; and

(c) to compute, from the time history of the angles of attack at both the wings

and the canardj the values of these quantities at each successive instant of

time for the same purpose as described in (b).

The above three sets of data are read into the Computer using cards and

the program carries out the interpolation. Because of the limited storage

capacity of the camputer, after a certain number of cycles of interpolation

say, JP, is completed, the results are printed on llne and transferred to tape

for use in the "Response" program described in Part 2. The interpolation

process is repeated until the program reaches the end of the runway.

Part 2. The purpose of the program "Response" is to ccmpute the dynamic

response of a given airplane operating on the given runway.
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This programstarts with the reading in of data which specifies the physical

characteristics of the airplane including the initial conditions of the system.

Next, the interpolated values of the time history of the airplane velocity on the

runway,the profile elevations at the main and nosewheels, andthe time history

of the angles of attack at the wingsandthe canardare read in from tape accord-

ing to the mannerin which it wasrecordedon the tape by the program"Profile".

Themain function of the "Response"programis to integrate numerically the

equations of motion according to whether IFil = F_ or !Fi I < F' for i--l,2.i

Again, because of the limited storage capacity of the computer, the data, other

than those of the characteristics of the airplane and the initial conditions,

are read in piece by piece and the results of the integration are transferred

to tape after each piece of data is exhausted.

The output information includes the time history of the generalized or nor-

real coordinates of the system, their first and second derivatives, and includes

the tire forces of the main and nose wheels. These quantities are considered

"essential" and are retained on tape since whatever quantity is required for

the airplane such as stress at any location, it can be readily calculated from

the information stored on such tape. Also, the vertical acceleration at the

pilot location can be obtained frc_ the equation:
N

(L,o,t) =_ Xj (t)¢_ (_5)

J=3

where ¢_ is the value of the Jth mode shape at the pilot location.

Part 3. The program "Plotxy" is written to make use of a Cal-Csnp plotter

which will automatically plot the time history curves of the generalized coord-

inates, their first and second derivatives, and will also plot the vertical

displacements, velocities and accelerations at the pilot's c_npartment.

This program starts by reading in control data that specify which of the
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above mentioned time history curves are to be plotted and the scale to be

used for each curve. The values of the elastic mode shapes at the pilot's

compartment are also read in in order to determine the displacements, velocities_

and accelerations at the position of the pilot as indicated by Eq. (45) in

Part 2.

The program then reads from the output tape of the "Response" program

values of the quantities that are to be plotted. The displacements, velocities,

and accelerations of the pilot's compartment are calculated if specified. The

program then makes use of the IBM 7090 library routine J6 BC XY?2 to activate

plotting instruments and transfer them to a Cal-Comp data tape which is then

read by a 1401 program and used to drive the plotter.

Part 4. Similar to the program "Plotxy", the program "PlotF" also makes

use of the 7090 library routine J6 BC XYP2 and the Cal-Canp plotter to plot

the time history curves of the tire forces of the main and nose landing gears.

This program then reads in control data that specify which of the above

mentioned curves will be plotted and the scales to be used for each curve.

The values of the static tire forces of the main and nose landing gears are

also read into the ccmputer by this program and then the values of the total

tire forces are read in fr_nthe output tape of the "Response" program. The

static forces are then subtracted from their corresponding total forces. The

resulting curves plotted therefore represent the fluctuation of the tire forces

about their static values.

Part 5. The program "Stat" is intended to compute the time averages of

the response of the airplane on the runway. Computed are the peak, mean and

mean square values of the coordinates of the system as well as their deriv-

atives, and peak, mean and mean square values of the displacements, velocities

and accelerations of the pilot-s compartment and the fluctuation of the tire

forces about their static values are also computed. The peak values of the
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quantities mentionedabovenot only indicate the maximumabsolute values of the

quantities but also furnish information regarding the scales to be selected in

the "Plotxy" and "PlotF" programsas described in Part 3 and Part 4 respectively.

It is to be noted that the time histories of the quantities mentionedabove

have statistical significance only whenthe airplane operateson sufficiently

long runwaysat constant speedin which case they then constitute ergodic pro-

cesses. Theresults presented in the following section should therefore be

interpreted accordingly.

A detailed listing of the programsdescribed aboveis included in Appendix 1.

Discussion of Results

The dynamic response of the Boeing 707 and the Boeing 733 9_ on two runways

have been obtained. The pertinent characteristics of these two airplanes are

contained in Appendix 2. Runway profile data are tabulated in Tables 1 and 2

and plotted in Fig. 3. Runway 12 is plotted about a zero arithmetic mean and

Runway 28R is plotted with reference to a datum i0 feet above mean sea level

For each airplane, the response was first determined with the inclusion of

six flexural modes and was then determined considering rigid body motion only.

In the entire investigation, all aerodynamic lift forces were assumed to be non-

existent. The time history curves of response include the vertical displacement

of nose and main landing gear wheels, the vertical displacement of the center

of gravity of the airplane (rigid body translational mode), the rigid body

pitching angle, the vertical displacement at the location of pilot, the vertical

acceleration at the location of pilot, and the tire forces of the main and nose

landing gears. In the case when flexural modes of the airframe are included.

the time history curves of the generalized coordinates of the flexural modes

are also presented. In addition to the time history curves of response of the

airplane, the peak values of response, their respective mean values, and their
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meansquarevalues havebeenobtained by meansof the "Stat" programfor those

caseswherethe velocity of the airplane is held constant. Theseresults are

given in Tables 3 and4.

Thecomputertime required to obtain a solution dependson the particular

problemconsidered. It dependson the length of the runway,the speedof the

airplane, andthe time interval chosenfor the numerical integration procedure.

Different time intervals wereused in test runs and comparisonof the results

showedthat the desired degreeof accuracywasobtained for all casesusing the

time interval 0.002 seconds. Thefollowing is an estimate of the time required

for the solution of the 707airplane operating with a constant velocity v=lO0

ft/sec on Runway12 whichhas a length of 3000ft. Thetime required for the

"Response"programwasapproximately30minutes for the casewhenall six flex-

ural modeswere included and9 minutes for the casewhenonly rigid bodymotion

were consideredin the c_nputation. Theaveragetime required for the "Plotxy"

and "PlotF" programsto plot onecurve on eachgraphvas about 2 minutesand

the time required for the "Stat" programrangedbetween1.5 and2.0 minutes

dependingonwhether flexural modeswere consideredin the computationor not.

Although there has beeninsufficient time to carry out detailed investi-

gations and the basic data reflecting the characteristics of the supersonic

transport are basedonan earlier designwhich is not consideredfinal, the

limited information obtained doesindicate somesignificant phenomenawhich

are discussedas follows:

1. Rigid BodyTranslation - Thetime history curves for rigid bodytrans-

lation of both airplanes operating oneachrunwayare shownin Fig. ll for the

casewhenflexural moderesponseis included and in Fig. 12 whenonly rigid

body responseis included. In eachof these figures, the displacementconsists

of an oscillatory motion having a predominantfrequencyof approximately1.3 cps

superimposedupona displacementcorrespondingto the runwayprofile. Note that
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the runwayprofile elevation h as plotted in Fig. 3 is consideredpositive

whenupwardswhile the vertical displacementof the center of gravity (rigid

body translation) is consideredpositive whendownwards.Therefore, the rummy

profile contributions to the displacementsshownin Figs. ii and12 appearin

an inverted form from those profile elevations of Fig. 3.

Becauseof the large non-linearities present in the entire structural system,

it is difficult to completely identify the predominantfrequencies appearing in

Figs. ll and 12. Onesignificant quantitative observation, however, is the fact

that the inclusion of flexural modesin the dynamicresponsereducessomewhat

the magnitudeof the rigid bodytranslation.

It shouldbe noted in both Figs. ii and 12 that the rigid body translational

responseis considerably greater for the 733-94airplane as comparedwith the

707airplane.

It will also be noted that there is greater dynamicpeakresponseof both

airplanes on Runway12 at locations of large discrete bumpsthan on Runway28R

of the SanFrancisco International Airport wherethe discrete bumpsare less severe.

2. Rigid BodyRotation - Thetime history curves for rigid body rotation are

shownin Figs. 13 and14. Thepredominantfrequencyof this type of motion is

approximately1.O cps and 0.5 cps for the 707 and 733-94airplanes, respectively.

Theseresults showthat the flexuralmodes do not appreciably affect this type of

responseexcept for the caseof the 733-94airplane operating on Runaway28Rwhere

inclusion of the flexural modesresulted in a considerable reduction of response.

Generally it is observedthat the peakrigid bodyrotation of the 733-94air-

plane is greater than the rotation of the 707airplane especially onRunway12

wherethe large discrete bumpsnear the end of the runwayare critical (see Fig. 3).

3. Vertical Displacementat Pilot Location - Thetime history curves for ver-

tical displacementat the pilot location are shownin Figs. 19 and20. In each
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figure the total displacementas contributed by all modesis shownalong with

the individual contribution of the rigid-body translational andthe rigid body

rotational modes. A study of the separate contributions showsthat the total

displacementsfor both airplanes is dueprimarily to the rigid bodyrotational

contribution, especially on Runway12. Note that the runwayprofile displace-

mentsmustbe reflected in this observation as before in the caseof rigid body

translation (see Section 1 above). Thediscrete bumpsnear the end of Runway12

are the causeof the large peakdisplacementsproducedwhich are quite large in

a relative sensefor the caseof the 733-94airplane.

4. Vertical Acceleration at Pilot Location - Thetime history curves for ver-

tical acceleration at the pilot location are shownin Figs. 21 and 22. It is

immediatelyapparentuponinspecting these results that the influence of the

flexural modesuponpeakaccelerations anduponfrequencydistribution is

appreciably, i.e. the inclusion of flexible moderesponsegives considerably

higher accelerations at higher frequencies. Theeffects of these accelerations

onpilots needsinvestigation.

It is apparentfrcm these results that the peakvertical acceleration at

the pilot location is considerably larger for the 733-94airplane as compared

with the 707airplane. Peakaccelerations havebeenobservedin this investi-

gation as high as 1.6g and 2.4g for the 707andthe 733-94airplanes, respectively.

For Runway12 whereboth airplanes _rereoperatedat a constant speedof

lO0 ft/sec the root meansquareaccelerations at the pilot locations were 0.25g

and0.54g, respectively, for the 707and 733-94airplanes. Theroot meansquare

accelerations at the C.G. location wereO.13gand O.19g, respectively. Therefore,

it is necessaryto include both rigid bodyand flexural modesin evaluating accel-

eration response.
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5. Main Landing Gear Tire Force - The time history curves for the main landing

gear tire force are shown in Figs. 23 and 2h. This tire force represents the

total of the forces exerted by both main landing gears on the rum_ay pavement.

For both airplanes it has been assumed that all main landing gear wheels are

located on a single horizontal axis. In the case of large transport airplanes,

the forward and rear wheels in the main landing gear truck are spaced approximately

5 ft. apart in the longitudinal direction. However, the error introduced in the

analysis by assuming both forward and rear wheels to be on a single axis is con-

sidered negligible since only the relatively long profile wave lengths (50-100 ft)

produce major _ic response.

Cc_parlng the results of Figs. 23 and 24 shows that the flexibility of the

aircraft, brought into the analysis by including the flexible modes, considerably

reduces the peak tire forces. The predc_inant frequencies shown in these figures

are in the same narrow frequency hand as in the case of the rigid body translation

previously discussed.

The ordinate force scale shown on Figs. 23 and 24 actually represents the

increase or decrease in tire force frcm its static equilibrium value which is

indicated on each graph. One will note on these figures that the total main tire

force in each case reaches peak intensities as much as 1.65 times static equi-

librium value when all modes including flexural are considered in the analysis.

6. Nose Landing Gear Tire Force - The time history curves for the nose landing

gear tire force are shown in Figs. 25 and 26. This tire force represents the

total nose landing gear force exerted on the runway pavement.

The effect of including the flexural modes in the dynamic analysis reduces

considerably the peak nose tire forces. Peak nose tire forces obtained when in-

cluding flexural modes, were 2.38 and 4.28 times their static equilibrium values

for the 70T and 733-94 airplanes, respectively.
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The nose wheel is observed to lift off the runway pavement in some instances,

i.e. where the tire force maintains a negative value equal to the static equili-

brium value. In these instances a flat segment of the curves is noticeable. It

is apparent that the 733-94 airplane has more tendency to lift its nose tire off

the run_y than does the 707 airplane. The pilot can, or course, prevent such

llft off by increasing the static equilbirium value which can be done by intro-

ducing an aerodynamic steady state pitching moment.

7. Generalized Coordinates of Flexible Modes - The time history curves of the

generalized coordinates of the first, six flexural-symmetric-free-free modes of

the airframe are presented in Figs. 15 - 18. A study of these results shows

that the higher flexible modes are of more importance for the 733-94 airplane

than for the 707 airplane. While six flexible modes have been used in this

analysis, one could use fewer of these modes in some instances especially for

the 707 airplane. However in generating some quantities, such as vertical

acceleration at the location of pilot, it would appear advisable to retain all

six modes.
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III STATISTICAL APPROACH

General

Although the effects of discrete runway bumps on the response of an air-

plane can be conveniently studied by the deterministic approach previously pre-

sented, a statistical study of the more stationary unevenness effects can be very

helpful to the design engineer particularly in evaluating fatigue damage of the

structural system.

A statistical study of the airplane response while traveling over the entire

length of a collection or ensemble of runways by means of digital computer methods

requires much computer time. However, a more promising and direct approach to

this problem appears to be the power spectral approach.

A power spectrum of a runway profile characterizes the essential aspects of

the profile; therefore by compiling the spectra of many different runways one

can establish a means for judging the severity of runway unevenness. Much work

has been done in this area ( 3 - 8 ). Various means of measuring run-

way unevenness have been devised, power spectral data have been prepared for many

different runways_ and criteria have been established to classify inmways as

being rough, medium or smooth.

Statistical studies of the airplane response utilizing available _ower

spectral data has been done by some authors. If one assumes linear landing gear

systems, an analytical solution of the airplane response is easily obtained; how-

ever_ typical landing gear systems are quite nonlinear especially at higher speeds

( lO ); thus, making statistical solutions very difficult to obtain. It is the

intent of the study of this section to try to arrive at a technique which can

take into account the nonlinearities in the landing gear system when carrying

out direct statistical solutions.

For the class of problems in which the system is subjected to normal station-

ary white noise excitation and the nonlinearities involve only displacements of
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the system, it has been shown (27 ) that exact solutions can be constructed for

the stationary Fokker-Plank equation.

Inasmuch as the system under consideration involves nonlinearities both in

the displacements as well as in the velocities and the random excitation is non-

white and need not be stationary, the above technique does not apply. Approximate

techniques have been developed to handle random vibration of nonlinear systems ( 28 ) ,

(29).In a paper presented at the Symposium of the Acoustical Society of America,

S. Crandall discussed the application of the perturbation techniuqe for random

vibration of nonlinear systems. In the same issue T. Caughey discussed the

application of equivalent linearizatlon technique to nonlinear systems with

random excitation.

An examination of both techniques shows that neither method is directly

applicable to the problem in hand.

In the following discussion the perturbation method as presented by Crandall

is first reviewed and extended to the case of multidegree systems. Second, the

principle of the equivalent linearizatioh method as presented by Caughey is also

re-stated and a possible combination of the two methods for obtaining an engineer-

ing solution of the airplane problem is discussed.

The Perturbation Method (28)

Consider a system with one-degree of freedom whose equation of motion is

of the form

2 (x + Kg (x,_)) = f(t) (46)

where g(x,_) is a nonlinear function of x and _ and K is a small perturbation

factor.

If one attempts to solve this equatlonbythe power series solution

x= x0 +_x I +K2x2 + ..... (47)

_ ±0 + K_I + _2 _2 + ..... (48)
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then

g(x,_) = g(x 0 + KXI +K2x2+ .... ' Xo + KXl + K2X2 + .... )

- g(xo,_o) + _(Xlgx(Xo,_o) + _ig_(xo,_o))+ .... (49)

Substitution of Eqs. (47), (48), and (49) into Eq. (46) and equating the co-

efficients of like powers of K yields the following recursive system:

• 2 - f(t) (50)_0 + _Xo + _oXo

• 2 2 g(xo,_o) (51)_i + _Xl + _oXl = "_0

2 2 (Xlgx(Xo,_o)+ _lg_(xo,_o)) (52)_2 + 852 + _oX2 " "_0

Solution of Eq. (50) can be represented by the convolution integral

Xo(t ) =fo_f(t-_ ") h('r) d'r (53)

where h(T) is the unit impulse response

h(_) = _1 e-_/2 sin _a, ; i'd =Vl_ - 132/11 (54)

Similarly,

xl(t) = "_0, h(_) g(xo(t-_),io(t-_)) d_ (55)

The quantities x2(t), x3(t ) etc. can be obtained in a similar manner.

For purposes of illustration, let the excitation f(t) be a stationary

Gaussian random process with known statistical properties and g(x,_)--g(x)=x 3.

Accepting as an approximate solution to Eq. (46)

x ,- xo + ,c5. (56)

s<=,5o + _ (57)

the mean square of x is

<x 2> =<x_> +2K<XoX I> (58)

correct to the first order in g. Here < > designates the ensemble average of

the quantity enclosed in it. From Eq. (53)

fo'?o< x_ > = h(ll) h(_2) < f(t-_l) f(t-_2) > dV 1 dV2
i *
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where Rf(Xl-X2) is the autocorrelation function of the stationary excitation

process with argument Xl-V2. Similarly, from Eqs. (53) and (55)

@@

< XoXl>" 2 ';0 h(xl) h(X2)< Xo(t)XBo (t-x) > dX (60)

In the case where a stationary random process z(t) is Gaussian with a mean of

zero we .have (22)

< z(tl) > = 0

< z(t I) z(t 2) > _ Rz (tl-t 2)

< z(tI) z(t 2) z(t3_= 0

< z(tI) z(t2) z(t 3) z(t4)>= Rz (tl't 2) Rz(t3-t 4) + Rz(tl-t 3) Rz(t2-t4)

+ Rz(tl-t4) Rz(t2-t3) (61)

Since the output process of a linear system whose input is a Gaussian stationary

process is also a Gaussian stationary process, one obtains, from Eq. (61)

< x0(t) x3(t-T_ I 3 < x0(t-T) x0 (t-T) > < Xo(t ) x0(t-x ) > (62)

Using the fact that for a stationary process x0, the ensemble average

<x0(t ) x0 (t-T)>= Rx0(X)= ._0®.Z0%(Xl ) h(V2)Rf(X+Zl-X2)dX 1 dX2 (63)

and also using the fact that

< Xo(t.v ) Xo(t.x ) m Rxo(O ) (64)

one can establish that

< Xo(t) xl(t)> =-3_02 Rxo(O)IZh(x) RxO(V)
dX (65)

Thus,fromvq.(58)

2 1 o< x > - h('r) RxO(X) dx (66)

Suppose now the excitation process is a Gausslan stationary randum process whose

power spectral density function is white, i.e.

Rf(_) = B(x) (67)

where 5(T) is the Dirac Delta function, one now obtains, using Eq. (63)
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_o(_): _xoe'_V2 (cos%_ +-_- s_ _)) (68)
_d

and upon substituting Eq. (68) into Eq. (66), one gets

2 a2 4x (69)< x > = xO " 3Ka 0

where

a2 l (70)
x0 =2--_

Application of the Perturbation Method to Multl-de_ree of Freedom S[stems

Subjected to Raudcm Inputs (28), (26).

Consider an N-degree of freedom system whose equations of motion are

[mI <_}+ [el <_}+ [k] <z}+K <g(zl,z2,---Zl,Z2,---)_ = <f(t)} (71)

where (Zl,Z2,---Zl,Z2,---) is a nonlinear function and K is a small perturbation

factor. As in the case of slngle-degree of freedom systems, let the solution of

this set of equations be represented by

where accuracy is assumed acceptable to the first order perturbation. Then, the

mean square of zi would be

2
< zi > = < xi > + 2K < xlY i > ; i=l, ....N (74)

correct to the first order inK. Expanding {g(zl,z2,---Zl,Z2,--9_ as

{g • .= (Xl,X2,---%,±a,---) + K(Ylgzl (Xl,X2,'"±l,e2,-") + Y2gz2 (Xl,Xe,"'Xl,X2,---#

_---+ _ig_.1(xl,x2,---_l,_2,---)+ _2gz2(Xl,X2,---,_l,_2,---)+---)

+ K2 (.....)_ (75)
J
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then sub_-tituting Eqs,, (72), (73), and (75) it_to Eqo (71) and equ_tl.ng correspc,uding

coefficients of g gives

To make the discussion more general, consider the case in which the system doe_

not necessmrily possess classical normal modes. In such cases, we must use a

more general approach to the problem (24). Consider Eqo (76), and let

[°1
(8o)

(8_)

then Eq. (76) may be rewritten in the form

[R] _}+ [K] (q}=(F(t))

a set cf 2N firs% order differential equations°

(82)

The homogeneous solutions of

Eqo (82) are otto±ned by assuming

(83)
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Substitutir_ Eq. (83) into Eq. (82) yields

°[_I(°)+[<}(°}-{°)
or

_ere

I[,,] [,]
[_]L_[:}-_[.] -[<]-_[_] <_>

and where [I] i8 the identity matrix.

,=.=-tr_,__o_._t_ooso,_0_to_x_st.th_,o_o_n_ooo_t_=__t_o_,_
%.#

[I_[Iu ._ "r _,o (87)

This yields 2N eigenvalues _ and 2N eigenvectors
Ii

(o_}.{__.,Dj(.,)/
(88)

If ira], [k], [c] are sy_netric, [R] and [K] are sy_netric and Eq. (8_)may be

written as

oo[_7{o°}+[_7{o°}.{o) <_o,
or =.{o-)"[_7+{o-)'[:3.{o) (gz)

{'7' {°}Premultiply Eq. (9'0) by i and postlmiltiply Eq. (91) by _ to get

oo{o°}"[_7{o°}+{o-)"[_3{o°).{o} <_>
a,_d (93)
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Subtracting Eq. (93) frum Eq. (92) yields,

Thus, one obtains the orthogonallty relations

{oVId]<o°}.o

(94)

(95)

(96)

For the nonhumogeneous solution of Eq.

{q(t)}= _ {_n} _n(t )

n=l

(82), let

(97)

where _n(t) are to be determined.

2N

Substituting Eq. (97) into Eq. (82) yields

Z [R] {@n} _n + Z [K] {_n} _'n" {F(t)}

n=l nml

(98)

Premultiplying by {¢n} T yields
2N 2N

Z {¢m_ T [R] {,n} _;n+ Z {_'m} T [K] {,n} 'n

n_l n=l

= {_m} T {F(t)} (99)

Applying the orthogonallty relations Eqso (95) and (96) reduces Eq. (99) to

R _R_ -F(t)
n_n n n n n (100)

where

Rn " {,n} T [R] {,n}= 2O_n{,n} T[m] {@m}+ {@n} T[c] {,n} (i01)

and where

Fn(t) . {,n}' {F(t)}- {@n} T {f(t)} (102)

The solution of Eq. (i00) is obtained by applying the unit impulse method.

Thus,

,n(t) 14 t _'n(t'')e _ : _n(_)d, (lO3)
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and 2N 2N

t
n=l n_l

%(t-_)
e (zo4)

or {x(t)}- _@n_ l__ t _n(t'')L J _ .foe _(,) aT
n=l

( 105 i!

_(t) _ _u n . e Fn(_ ) d_

n=l

(zo6)

The statistical maments can now be formed, for instance

i2> _ R_I _in m/otfote_n(t'_l)_i %(t'_°)<x = e = <Fn(Vl)F (T2)>

n=l m _i n m

d¢ldTa (107)

where FnCt) is def±ued by Eqo (102). In a similar manner, using F_q. (77) one c,b+_ins

{yi} _.I {en}_n/O t ean(t'_) Gn(T)dV (108)

n=l

where

Gn(T) = -{'n}T {gCXl, x2, ®--±1,'2,--- )} (109)

then l _ /ot/; %(t'v)m n <xi(t)Gn(_)> d_
<xlYl > m Rn_ _i *i e (IIO)

n-I m,.l

• o

where Gn (T)is related to Xl,X2,---Xl,X2,--- as defined by Eqo (109). The

expression of the ensemble average therefore depends on the form of the non-

llnearity of the system.

To clarify this method further cozsider the case of an airplane moving with

constant velocity v along a runway whose profile may be represented by a stationary

randam process. Let the airplane be idealized as a two-degree of freedcm system

(Fig. 27). The terms mI and m2 represent the total mass of the airframe and the

total mass of the wheels respectively° The displacements of the two masses are

chosen as the generalized coordinates of the system; each being measured from
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their respective s!atic equilibrium positions° The tire spring force and the

damping force in the landing gear system are assumed to be linear. The sFrlng

force in the landiug ge&r system i_ considered nonlinear and is expressed a_

rs = _, (z2"zl) +K_1'(z2-h, 73 + Fs (:L:_)

where K is a small perturbation factor and Fs = mlg is the s+_tic spring force°

The equations of motion of the system are then

ml_ 1 + ki(zi-z2) + c(zi-ze) + Kkl(zl-z2) 3 ._ 0

m2_ 2 - h(zl-z2) - c(_i-_2) - Kh(Zl-Z2) 3 + _z{k2A(s)

where _s) is the prcfile elevation of the z_/nway and s=vt°

stiffness of the tire spring.

one obtains

_i + h(xi'x2) + c('i%) = o

m2_ 2 - _(Xl-X2) -c (Xl-X2) + k2x 2 - _vt)

mi% ' + _(yl-Y2) + c (_I-_2) =-hCx.l-x2)3

m_2 - h(yl-Y2 ) - C(Yl-_2 ) + k_2 = _(5-x2)3

or in matrix form

[m] {5_)+ [c] (i)

and [m] {_}+ [c] (@)

where

[]Imam]
m = 0 2

(ii2)

(:.-3)

K2 re!cre_erA,,_ the

If one considers o_ly first order perturbatioo, i.e.

(115)

(_6)

(n.7)

(-.ms)

(:n,9)

(12o)

(i21)

(122)

(123)
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[k].
{°I

_(xl(t) x2(t))3

(12_)

(125)

(126)

To find the eigenvalues and eigenvectors of the system we formulate the matrix

Ill

- 0

0

1 1 1
- --_ - _-_

_l _2

1 1

_2

0 1

0 0

1 .2_i
" --2 _l

_2

1

_2

0

1

0
(roT)

k_ °2; g=mq ;

c

2_/mlk I

(_8)

Using the condition

[_]-_,[q-

- 1
C_

0

1 1 1
2 g 2

_i _2

1 1

_2

0

1

(%

1

_2

1

_2

i

0

'"i a

0

1

21

1

(%

nO (129)
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and expanding this matrix in cofactors of the first row yields

4 1 _3 2 2 1 2 G2 2 2 2+ 2_uI (i + _) + (ul + u2 + _ _l) + 2_ulu2 a + ulu2 = 0 (13o)

Solution of this equation may be obtained by use of the Test-Function Method for

determining the roots of an algebraic equation (25). To find the eigenvectors, one can

make use of the fact that they are proportional to the cofactors of any row of the

matrix of Eq. (129).

- _n C_2
n

n

1 1

°_n Ea)_

{on 

. (L

o2+
n n

l l

an ¢_22

Thus, one obtains for the third row

to2

(131)

Having found the a's and ¢'s, the solutions of Eqs. (120) and (121) may be

determined as follows
4

Z n l 10 t an(t'm)xi(t) = ¢i _n e
n=l

;n(_) d_ (132)

where Rn is defined by Eq. (i01) and

(133)

Similarly

.4 t t-v)

nl I0 an(Yi(t) = ¢i _n e
n=l

where

2+ 3XlX 2 -

(134)

(z35)
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To determine the statistical moments of the output, assume first that the shape

of the runway is a stationary Gaussian process with zero mean value whose auto-

correlation function is _(As) = _(o) 5(ns), _(o) being the mean square value of

the profile and 5 is the Dirac Delta Function. In such cases, using Eqs. (132)

and (133) gives

4 4
1

<_(t)xl(t+_ =_ Z R R
nm

n=l m=l

n m _tf t+x Sn(t'_l ) CZm(t+T-_2)_n_m

-- ¢l¢iJoJ 0 e e w2w 2

_Z /0iT0 t+xk2_(0) n m n m
¢1¢1¢2¢2, ,

n=l m=l

fn(t-Vl)fm(t+T-_2)5 (T2__I) d_ld_ 2

Integrating with respect to 72 first gives

<xl(t)xl(t+_ = k22 _(0)_ _nlm'n_m 1f0t-l_l_2_2_n m'

nml m=l

_n(t -_) _m(t+_-_ l)
e e

dT I

4 4

2 Z 2 (Gn_m)t s _ -(Gn_Sm)tk 2 _(0) n m n m 1 m 1 (1-e )= ¢1¢1¢2¢2 _ e e (z--"_---

n=l m=l n m n m

(136)

The steady state value is now obtained by letting t approach infinity. Thus,

4 4

2 Z 2 1 .n.m.n.m i _m_lim <xl(t)xl(t+_ ) > =-k 2 _(0) --_i_i_2_2 G _ e r__0 (137)

t-- _ n--i m--i n m n m

Note that for a stable system
n

must be real and negative or cGnplex _._th a

negative real part. Similarly,
4

-k22 Z 2 1 n m nm---!--1 _m_
lim <x2(t)x2(t+_ _ = _(0) R--'R- ¢2¢2¢2¢2 _n_m e ; r_O (138)t_._

n=l m=l n m

4

Z2 1 nmnm_l _m"
llm <xl(t)x2(t+_ _ = - _(0) R---_ ¢1¢2¢2¢2 Gn_m e ; _ (139)
t_ n=l m=l n m

4 4

_. _ i n m n m i -GnT
t--_llm<x l(t)x2(t+_) > = -k22 _(0) Z_ R---R- ¢i¢2¢2¢2 _n:----_m e

n=l m=l n m

; • _o (1_o)
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The mean square of the output {zl}correct to the first order in K, is

< zi2 > = < x_ > + 2 < xiY i > ; i=1,2 (141)

To find < xlY i > for i=l,2 using Eqs. (134) and (135) yields the relation

_. 1 n fO t Gn(t'x)
< xl(t)Yl(t) > = _nn ¢1 , e

n=l

<xl(t)Gn(_) > dv

f 1 n (¢_ . ¢_) ;0 t=h _- q
n=l n

Gn(t'_)<xl(t)xl3(V ) > d ve

n=l

_n(t-T)
e < xl(t)_(_)x2(_)

+ 3_f 1 n (¢_ - ¢i) _ot
_n¢l

n=l

_n (t'_) )x_( _e < xl(t)xl(_ )

_ i n (¢_ _ ¢i ) ;0 t
- kl _nn ¢i

n=l

Gn(t -_ )

e < xl(t)x_(T) > d_

> dv

a T

(142:

Considering xl(t), x2(t), Xl(X), xR(T ) as a multivariate normal process with zero

mean values ( 22 ), one obtains

<xl(t)x_(') >= 3 <x_(_)> <xl(t)xl(')>

<xl(t)x_(')x2('>= 2 <xl(t)xl(v)> <xI(')x2(T) > + <xl(t)x2(_) > <x_(')>

<xl(t)xl(_)x_(_ = 2 <xl(t)x2(T)> <Xl(_)x2(_)>

<_l(t)x_(_b= 3<_(_)><Xl(t)x2('_ (143)

Substituting Eq.(143) into Eq. (142), gives
4

<XlCt)YlCt_ =,, 3k]<(<x_ + <x 2 > - 2 <XlX2> ) _ ¢i

k=l

0 t Gk (t-v) (< xl(t)xl(_)> < xl(t)x2(T) > ) d T
e (144)
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Now using the relationships Eq. (137) and (140), Eq. (14_) becomes

_ i k(k ,k) fot° ÷
k=l

2_(0)_. _ i n (m m nm i
-_k(X-t )

n=l m=l n m

_k(t -_)
e

(145)

Performing the integration and letting t approach infinityj leads to the expression

llm <xl(t)Yl(t_ = 3kI (<Xl_ + <x_ - 2 <XlX2>) _ *(0)_ i k ( k ¢Ik)

k=l

n=l m_l n m n m

Similarly _.2 _(o)

t- ® _i

i enlnlm ( . ) 1 i
R'--_ -2_2_2 (_ _ (_n-_k

n=l m=l n m n m

(147)

The mean square values of zI

mI = 955 ib-s2/in

m2 = 12 ib-s21in

c = 1500 ib-s2/in

kI = 187,500.0 ib/in

k2 = 96000.0 Ib/in

= 0.15

(0) = 0.0_75 in2

and z2 may be obtained frcm Eq. (141). Suppose now that

one obtains the following ensemble averages

<Xl_ = 8.75 in2

<x_ = 4.02 in2

ohyl>-22._i2
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<x2Y2> = 12.3 in2
o

<z_ = l_ .40 in 2

<z}
Take now as a second example, the ssme system with the autocorrelation function

of the runway

q,Ca_) = ,Co)e'nlasl (_48)

In this case 4 4 t t+v _(t-_)

_Z 1 @n-mAn'm I010 _m(t'_2)<_(t)xl(t+v _ = k_ _(0) R---_-_l_l_2_2 e e

n=l m=l n m

e d_ld_ 2
(i_9)

integrating the double integral with respect to _2 first, one obtains

L L_ _ Ift/'T1 (Zn(t'_l) am(t+_-_2)i .n.m.n.m e e
<xl(t)xl(t+_ = _(0) R-T @1@i'2_2 ,_0'J0

n=l m=l n m

e_V(T2-T1) d_ld_2 + eft ft+_0_ _ e(_n(t'_l) e_m(t+T'T2) e-_v(_2"Vl) d_ld_ 21

4 4

b'_' 1 nmnm= _ _(o)_,_ R---_ _i_i_2_2 Anm (_)

n=l m=l n m

(15o)

SlmilarAv 4 4

_, 1 .n.m.n.m v) •<x2(t)x2(t+_ _ = k_ _(0) R---R-q'2q'2q'2q'2 Anm( ; > 0

n=l m=l n m

2
<xl(t)x2Ct+v_ = k 2

4. 4

ZZ 1 .n.m.n.m Anm(_) ;v> O_(o) _---_'_'_2'_ -
n=l m=l n m

(_Sx)

(]-5_)

2
<xl(t)x2(t+_ = k 2

4 4

_(0) R--_ '1'2'2'2 Amn ('_) ;_ -< 0

n=l m=l n m

(_53)
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where _ w

_(_) = e- "_ ._2.._"e m
(%,..,_,)(¢_n.,l,,) + (_n_)(_m._2v2)

(_5_)

Following the same argument as in the previous example,

4

<xl(t)Yl(t_ = 3_ (<Xl_ + <xL_ - 2<XlX e)Z _ ¢1
k=l

t Gk (t'T), e (<xl(t)xl(_ - <xl(t)x2(_) dT
(z55)

Substituting now the values of <xl(t)xl(v_ and <xl(t)x2(X_ into this equation

and carrying out the integration, one obtains, after letting t approach infinity,

+^<Xl(t)Yl(t_ = 3_ (< - 2<XlX_) k2 _ ¢i ¢i - ¢ ) R-'-_
k=l n=l m=l n m

n (¢_- ¢_) n m¢i ¢2¢2 _k_ (156)

Similarly 4 _ 4

<x2(t)Y2(t_ = 3_ (<Xl_ + <x_ - 2<XlXe) _ *(0)Z _ ¢2

k=l n=l m=l

1 noel_ ¢2) n m
nm

(_57)

where

Bknm =
(%+ _)(%- _)(%- _)

2qv

+ ((_n4<_k)(an4_m )(<- q2v 2 )

Substituting the same numerical values of the system as given in the previous

example and taking

q = 0.00179 1/in.

v = 1200.0 in/s

2
_(0) = 0.475 in

one obtains

• <Xl_ = 5.75 in 2
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<x_ = 2.64 in2

<XlYl> " 5.28 in2

<x2Y_,, 3.18 in2

<Zl_ _ ,7'_4 in2

<z_ = 3.60 in 2

Equivalent Linearization Method (29)

The method of equivalent linearlzation is an extension of the procedure of

Krilov and BoJolinbov for deterministic analysis of slightly nonlinear systems.

To illustrate this method consider the following system subjected to a stationary

Gaussian excitation

+ _ + u_ (x + Kg (x,_))= f(t) (1_8)

where both 8 and K are small in sc_e sense such that the system is lightly damped

and weakly nonlinear. Now consider the following equation

+ 8eq_ + 2 + e(x,_) = f(t) (159)eq

2

where 8eq is the equivalent linear damping coefficient per unit mass, _eq is

the equivalent linear stiffness coefficient per unit mass and e is an error

term The equivalent linearization method as presented by Caughey selects values

of _eq and 2eq which force the mean square value of the error to be a minimum.

Thus, from the above equation

2 2 2 .
e(x,_)= (_-_eq)x + (%-%q) x + _ %g(x,x) (16o)

and

_<e_ _<e_
• 2 =0 ; _=0
a_q _eq

giving

2 x 2 2
<(_2o- %q) + _o _(x,x_ = o (16l)
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•2 2
<(B- _eq) x +,_o _g(x'x)>= o (162)

where use has been made of the fact that the process is stationary; therefore

<xX> = O. Thus, one obtains

_eq= _ + ":""C_<_¢x,:_)>/<.,*_

_'_o22.,..,,%2<xg(x,_)>/<x_

(163)

(16_)

If e is neglected in Eq. (159), the response will be Gaussian.

_._<x_ ex_-½(x2_ +<qC)_2

Thus _,

(165)

after taking into account the fact that <x_ = O. It is now possible to

evaluate <xg(x,_ and <±g(x,x_ in terms of <x_ and <_ and the mean

square response of the equivalent linear system can be expressed as

= 2 2,2 (166)
<x_> Jo (_q_2_2+ (_eq)2 ; <_> =, (%q__) + (_eq)2

_eq and {2eq as given by Eqs. (163) and (16_) into Eq. (166) enablesSubstituting

one to determine the mean square responses. Consider now the example given in

Section l, that is, take g(x,R) = x3, one can state that

fO fO ® Ax3 p(x,_) dxd_ 0 (167)<_(x)> =, , =

_o®_<xg(x)>=, x pCx)_= 3 _2 (168)

_US

and

Geq " G (169)

2=2 + 2 <x2>(%q 3_o0 K (17o)

If the system is subjected to white noise excitation whose power spectral

density function is Sf(_) : So,



So
= _ --So 2

<x_ _ (i + 3 <x_) "I _x (i + 3 <x_) "I (171)

= 2 _eq_e2q _ B 2 =

2
where _ is the mean square of x if g(x) = 0 and

X

2 _So _So

> = -- = 2--_ (172)
2_eq

Solving for <x% using Eq. (171) gives the relation

<x_ = _ _i + 12K a2-x i) (173)

considering only the positive root. Expanding the termVl + 12K
a2
X'

one obtains the relation

<x_ -" a 2 - 3K a4
X X

which agrees with the result obtained by the perturbation technique.

Discussion

From the above presentation of the two approximate methods, the perturbation

method and the equivalent linearization method, it is apparent that each method

has its advantages and disadvantages in handling the airplane problem of concern

to us herein. The perturbation method, although applicable to problems having

nonlinearities which involve both displacements and velocities, is restricted to

cases in which the nonlinearities can be expressed in terms of polynomials.

Although the spring forces in the landing gear systems can be approximated by

polynomials, the damping forces and the Coulomb friction forces cannot be

represented in that manner These nonlinear forces, however, can be handled

by the equivalent linearization method.

equation of motion is

+ 7_ 2 sgn _ + _x = f(t)

one only needs to consider the equation

+ _eql + _xu + e(1) = f(t)

For instance, for the system _ose

(174)
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to see that

e(_)= _,_2s_ _ - l_e_

and

<2(_)>=<(7_2 s_ _ -_e_)_

...nD(e2<:_>)
The cond1_1o _- _eq yields,

<743 sgn _ "_eq _ = 0

or

(176)

(177)

(zTB)

= <7 ±3 sgn _> (179)

_eq _

Assuming the excitation is stationary _ussian, the probability density function

for _ of the equivalent linear system is

p(k) = i exp [ i ±2 ] (180)

_3 sgn_ p(_)d_= 2_ _3p(_)dx
@o

(181)

and

._ _ (182)
_eq

Now, if the excitation is white noise, for example, one gets the relation

So _So_

<x_ = _ _eq = 87 <_ (183)

Therefore,

Hence,

eq

(184)

(185)
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The Coul_nb friction force can be equivalently linearized in a similar manner.

From the above discussion it is seen that both the damping forces and the Coulomb

friction forces in the landing gear systems can be successfully handled by the

equivalent linearization method, however, the possibility of extending the

equivalent linearization method to the case of multi-degree of freedom systems

does not appear to be promising. It is therefore thought that for an engineer-

ing solution to the problem we might first use the equivalent linearization

method to determine the equivalent linear damping coefficients of the nonlinear

damping forces and the Coulomb friction forces for both landing gears consider-

ing the airplane as a single-degree-of-freedom system and then use the pertur-

bation method to perturb on the nonlinearity of the spring force in the landing

systems considering the system as a multi-degree-of-freedom system. This

suggested procedure, of course, neglects certain cross coupling effects which

are felt to be small.
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IV CONCLUSIONSANDRECOMMENDATIONS

As a result of the general investigation reported herein, the following

conclusionshavebeenmade:

(1) A methodof analysis has been developed and programmed for solution

on the IBM 7090 computer which yields the deterministic dynamic

response of airplanes during take-off or landing in an effective and

efficient manner.

(2) A deterministic dynamic response analysis must be used when predicting

peak response caused by such discrete runway unevenness as is present

at runway intersections and at locations of excessive runway settlement.

(3) It is necessary that the effects of the lower flexural modes of the

fr_e-free airplane be included in a dynamic analysis of any large

airplane during take-off or landing, if relatively accurate results

are to be obtained.

(4) Complete linearlzatlon in idealizing the structural characteristics of

large airplanes can lead to appreciable errors in determining dynamic

re sponse.

(5) Application of the analysis shows sc_ewhat higher peak response for

the 733-94 airplane as c_npared with the 707 airplane.

(6) A statistical dynamic response analysis using runway unevenness power

spectral density ftmctlons can be very useful in predicting fatigue

life of structural components.

(7) The a_a24ftlcal methods developed for treating statistically certain

non-llnear systems are considered to have direct application in

determining dynamic response of large airplanes during take-off or

landing.
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In the interest of aiding the SST development program and in aiding future

research, the following reccmmendatlons are made:

(1) Deterministic dynamic response analyses should be made using the

latest SST designs being developed and using runway profiles of the

major existing civil airports for the purpose of establishing more

complete design criteria for supersonic transports and for the pur-

pose of establishing modifications to the current Federal Aviation

Agency runway smoothness specifications, if necessary.

(2) Further study is needed to establish the validity of the statistical

methods of analysis reported herein and to further the development of

analytical methods in this area.
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i

2

3

x 5
6
7
8

1

2

3
1,

_ 5
6
7
8
9

lO

1

2

3
1,

ff 5
6
7
8
9

lO

U
P

P

P

1

Ft 2

Case A Case B

Peak Mean Mean Peak Mean Mean

Square Square

I

.6384E Ol

•6514E 01

•7404E 01

•1328E-01

•2199 E 02

•1475E 01

•3542E-00
•I]26E Ol

.4480E-00

•3381E-00

•2750E 02

•3073E 02
.2488E 02
•6385E-01
•1715E 03
.2038E 02

•3614E Ol

•Z757E 02
.9888E O1

.Zl92E 02

•3516E 04

•4913E 04

.2202E 03

• 35 70E-O0

•1389E 04

•311]_E 03

.8496E 02

•7044E 03

•3393E 03
•6743E 03

•9638E Ol

•5729E-01 .9529E 07

•3635E-01 .9673E Ol

-.I184E-00 .IOI9E 02

•2913E-03 .1934E-04

-.2990E-01 .2861E 02

.8761E-03 .1435E-00

-.9928E-03 .9513E-02

.2813E-02 .8512E-01

-.7574E-03 .9970E-02

-.6679E-03 .5949E-02

.1644E-00 .2763E 02

.I178E-00 .2676E 02

.1581E-00 .4333E 02

•2855E-04 .4354E-03

-.I094E-00 .1318E 04

-.7565E-02 .2708E 02

-.2086E-03 .1040E Ol

.3524E-02 .1266E 02

.I058E-02 .3882E Ol

.3098E-02 .3184E Ol

•3593E-00 .3882E 05

.8251E-02 .3372E 05

.3174E-00 .2645E 04

.1240E-02 .I192E-01

.8123E-01 .9404E 05

-.6157E-01 .6930E 04

.1916E-01 .4770E 03

-.1572E-00 .9336E 04

.I038E-00 .5193E 04

•5940E-01 .8863E 04

.3441E-00 .1438E 02

•3788E 02 .1324E-00 .1401E 03

•5263E 03 -.7451E O0 .9549E 04

.1922E 06 .3646E 03 .2153E lO

.3211E 05 .9340E 02 .7608E 08

.6972E Ol .5190E Ol

.6263E Ol -.6430E-02

.7066E Ol -.1283E-00

.I169E-01 .3660E-03

.9628E Ol

.9684E 01

•99hIE Ol

.8872E-05

.5490E 02 .1569E-00 .3209E 02

•3909E 02 .1206E-00 .3653E 02

.4163E 02 .1589E-00 .6385E 02

.7548E-OI .6479E-04 .2058E-03

.4960E 04 .1444E-00 .5377E 05

•3354E 04 .2479E-00 .274TE 05

•3331E 03 .1531E-00 .4106E 04

.4347E-00 -.5184E-03 .7819E-02

•9935E Ol .4120E-00 .1310E 02

•5524E 02 .I08TE-O0 .1509E 03

.4009E 03 .5549E O0 .7623E 04

.2844E 06 .1555E 03 .2755E i0

•4149E 05 -.2862E 03 .7226E 08

TABLE 3 - PEAK, MEAN AND MEAN SQUARE VALUES OF RESPONSE

BOEING 707 ON RUNWAY 12

Case A refers to the case when all 6 flexural modes are considered, and

Case B refers to the case when only rigid body modes are considered.

All lengths are in inches and time in seconds
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-T ...........

I, _ <_

i
2

3
4

X 5
6

7
8

9
i0

i

2

3
4

X 5
6

7
8

9
io

i

2

3
4

X 5
6

7

C,:::" A

:Pe_k Mean Mean

Square

.6735E 01 .5458E-01 .9831E Dl

.1474E 02 -.4364E-00 .1704E 02

•7950E Ol -.2348E-00 .ll06E 02

.3180E-0! .1720E-02 .4661E-04

.8648E 01 -.6262E-02 .5044E 01

•7590E Ol -.1733E-02 .3137E Ol
.2585E-00 -.1272E-03 .2646E-02

_6691_ O0 .1996E-04 .212OE-01
•5295E O0 .2079E-04 .1443E-01

.III3E 01 .2571E-03 .8636E-01

•3690E 02 .8984E-01 .3828E 02
•6783E 02 .2365E-00 .1533E 03

•3378E 02 .1285E-01 .I078E 03

.6223E-01 -.3453E-03 .2436E-03

•TI55E 02 -.2011E-O0 .3286E 03
.6500E O2 -._480E-01 .2258E O3

•3276E Ol -.8260E-02 .5269E O0

.7602E 01 -.4501E-02 .1932E Ol
•7232E 01 .4386E-02 .1726E Ol

•1899E 02 .252TE-01 .1564E 02

•590ZE 04 .I178E-00 .6854E 05

Peak _<eaz_

.741OE Ol .5575E-01

.I165E 02 -.2231E-00

.7828E Ol -.3179E-00

.2547E-01 .1890E-02

.I029E O2

.1525E O2

.II21E 02

.4015E-04

.5434E 02 .1528E-00 .7315E 02

•5990E 02 -.6439E-01 .1672E 03

.4722E 02 .!233E-00 .1519E 03

.6286E-01 .6046E-03 .32%E-03

.5139E 04 .1526E-01

.6536E 04 -.4592E-00

.407TE 03 -.1739E-00

•3307E-00 .1368E-02

.6225E 04 -.1695E-00 .9563E 05

•2899E 03 .3244E-01 .5354E 04

.2517E-00 .7613E-04 .2662E-02

.9306E 03 .8015E 00 .3330E 05

.9012_E 03 -.7782E-01 .3968E 05

.6754E 02 .434TE-01 .2634E 03

.7660E 05

•9545E 05

.9278E 04

.4656E-02

8 .1661E

9 .2091E

i0 .5739E

U .3094E
P

U .9835E
P

C .9147E
P

- .2506E
-t 2 .6824E

03 -.9492E-O1 .805TE 03

O3 -.2689E-O1 .ll4TE O4

03 -.1853E-00 .1629E 05

02 .2124E Ol .5504E 02

02 .3214E-00 .5843E 03

03 -.6565E-01 .4227E 05

06 .5062E 02 .4574E i0

05 .1679E 02 .1989E 09

.2732E 02 .2391E Ol .5401E 02

.8107E 02 -.5399E OO .574TE O3

.4908E 03 -.1675E 01 .1656E 05

.3810E 06 .1635E 03 .8490E i0

•7990E 05 .3393E 03 .3179E 09

TABI_ 4 - PEAK, MEAN AND MEAN SQUARE VALUES OF RESPONSE
¢W*

BOEING 733 94 ON RU}_';AY12

Case A refers to the case when all 6 fle_cural modes are considered, and

Case B refers to the case _]en only rigid body modes are considered.

All lengths are in inches and time in seconds
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APPENDIX i

C(I_[PUTERPROGRAMS

oteo_oet.owI*iHiiolm*oHo.t*Io.

MAIN PROGRAM
THE MAIN PROGRAM INTERPOLATES,ACCORDING TO THE DATA READ IN,

C THE vELOC|TY,TH£TA],THETA5,AND THE RUNWAY ELEVATIONS AT TME MAIN

C AND TME NOSE LANDING GEARS AT EACH _nSTANV OF TIME

: LABEL
LI$_

• FORTRAN

CNAIN
DIMENSION XTIS0)tDTI_01eN|I_OleANI_OIpV|ISD)eX|I5_O0I_V(_0Oll

IIDISOIIN51_DI,AN21_DI,O_L_ITDO01,X]DELI5_OOI,XZDELI_SDODt

2THETAlI5_0DJ_THETA51250OI,THEll_DJ.THE5t30),TUl15Ol,TH51501

COMI4ON XT*DT,NI,ANI,VI,XltVtXDpN2,&N2_OELI,XlOEL_/5DEL,TMEIA_,
ITHETA2,T_EI,T_EZ,TMI,THI,NC,LP,LPP,KPL_N_,NT,NO,NFI*NF5_NPL,NF_|,

2NFZI_AI_A5,AIA5,NE,MP_INE,_,J,IT,II.I5,LI,L2_I,XLI,XL2,XII,X|2,

)XINIpVNLDXJ3.NNl. X_I.N22.JI.XJI._2*JII.DSLOPE_X5.L&_.l$_I_.N.

_TXDACC_OPI,T_LOP_IP,MX,I_,K_,IE,KXIxx_tNCC,JP

g&LL XRP

CAL_ XlN
NT'NT

XK.0T(NT)IID*O

11"11

]2=12

11-Zl
_2"LZ

IS'IS

155-L$5

? J-M-t;T-2_OO)

TmT_DTI|1I
TX-T-XL1

ACCIIV|IL|_II-VIILllI/XT(LI)

VIJ)-ACC*TX_VIIL11

I$LOPI-(THEllL;+li-THEI(_III/THI(LI)

TSLOR5-1TNE5ILI+I)-rH_(L1))/IH_ILI)
TMETAIIJ)q1$LOPLel;*I_¢*LLII

THETA5IJI_]$LOP_*iA_t_¢2_LII

XIIJI.XI_L÷VML*DII_)*L_L_t_,_)*UJt;_)'',

XZ=X)IJI+ALA2

GOTOI_UO

22 XL_*XLI+XT_4_

L[=LL_!
T-T-OT(ll)

PRINT |50eI,_L],XlILL),_K,_

L3O FORMATI_F_.Be|_I

1o IF(T-CXI|-XKI)_3_|2_|2

12 [FII1-NTI6*|4*L4

6 tl-II+l
XII-XI|+DTIII)eAN1(_ll

PRINT I_ZI_,XIt,I|.XK,N

151FORMATI5FI4*6,|3,FI4.bt[St

IS N=M+I

J'J*l
XINL=XLtJ-I)

VWI=VIJ-1)

IFIM-IT)2,2tIR

READ 205,DP

READ 202 tJP

NPL.NP*I

R(A0202.INIIII.I_I.NT)

REAO202.(N211).I.).NDI

R_AOZ03.1DTII).I'I.N_I

READ 203.(VI(1_.IoI.NPI_

READ20_.(XDII_.I_L.NDI

N_I]-NFI+I

N_2I-nF2_

READ 203.1TH(LIII.I-I.N¢)I_

READ Z0_.Ir,_Z(1).I.I._II

R(AD203o(T_III_.I-I.NFI_

READ 203°_I)._oI.N_)

R£*D203oA;._

OO23O Z'I.ND

25O NE-N_*N2III

READ _04DIDE_I(;).I-IoNE_

203 ¢ORMAT(3_I_.6_

ZO_ _DR_AT_BFg.4_

MO.I

_0251 I.IonT

PRINT 2_6.NC

236 FDRMA_ITH RUNWA..I_)

PRINX 23_.NCC

237 _0RMAT(9H AIRPLANE.13_

PRINT 30D.JP

3OO _ORMAT(6X2_JP._31

PAINT _I0.L_

PR_NT211.LPP

_ll _0_AT(SX_nLPP.I_)

PRINT 212.K_1

212 FORMA_I3X_H_PZ.IS_

?L_ FORNAT(6X_UNPoI_)

PRINT21_*NT

2L_ FOR_T(6X2HNT.I3)

PRINT213._D

2_3 FORMAT_6X2HND.15_

PRINT 23D.N_I

Z3O FOR,AT(3X_HN_I.13_

PRINT 251.NF2

2_! FDRMATISX_HN_2.I3_

PRINT2L6.MP

216 FOR_ATq6X2M_P.13_

PRIn_ ZIT°(NI(1).IoI.N_I

217 _OR_AT(6_H_._OISIeX.2U_._VJ_

218 FO_AT_6X2_2.2_I3/BX.2_I_.a_.ZU_)

PR;n_ 232.(_HI_I_.I=I.NF_)

It cP-O
NX'M÷2_OO-IT

GOT01T
Le KPi[

_X'2*OO

17 CALL XDRIN_

I_I¢P_21.21.22

2_ ¢_Lk EOF(_I
CACL RENUNLI_

23 CALL EXIT

22 I_'IT+2_OD

XIML-XII2400I

V_I=V(24005
GOTO2

1000 XX'XI(J)-XL2

XlOELIJ)'SLOPEI"XX_OEL;_L_

I_(XI(JI-tXLZ+XDll5))_|OO.10U._O

110 XL5-XL5+XDII2_
L_=C5÷I

OOTO1000

100 IFqXIIJI-XI5_L$_.I_Oo_U

120 12"12÷L

GOTO1000

150 CONTINUE

1100 XXS-X5-X_3

IEIX5-(XL3*_D(_)_J;OI.I_I.tIO

710 XL$.XL$_XDIIb)

L$$'L$$÷)

GOTO1100

TO1 IEIX5-XIS_750_?$O.7_O

T5O IEIZS-NDI?21.14._
721 I$=1S÷1

DOTO 1100

?_O GOT01OOt

END

SUBROUTINE KPR

*+*+****÷÷*++++*.+÷++++**+_

C THE SUBROUTINE XRP RZ/_ IN _,J_r.o¢ OATA,I_N¢ H|_t*v/IV CA; V_LO¢.|I_,
C TNETA1,THETA2 AN0 TME RUN.AT Zk_VA_IONA_O P_IN[_OUT T_Eb_ OAl_

• kADEk
• LIST

• PONTRRN

CSUOXNP

SUOROUTINE XRP

IXDISOI,N215OI,AN51_OI,DELL_IOOOI,A_DELI_UOI,_O_<_OOI,

2THETAII5_OOI,T_ETA5(ZSOOI,I_¢II_O),_K_2150I*IHI¢_0),IH_IgU)
CO_MON XT,OT,NI,ANI,Vl,X_,VoXO,N_,RN5,_C_L,XIOCL,X_0_L.TH_TA_,

1TMETaZ*THEI,THEZ.T.I,_.Z,NC.L_,LPP,_PI,NP._T,N_°_L,NF_,SP_,_F11*

2NFZ_,SI,A5,AIAZ,NE,_P,_N_.K,J.II,JL,I_,kI,_Z,I,XkIPXL5,XII,AI5,

PRI_T233._TH5_I)._=I.N_2_

233 FORMAT(3_3HT_2.1OEII._/eX._Uc_._.o_._**°_.o_.._*_...aX._CI*.
145

P_INT 219.(DTIIIoI-I.NT_

219 _O_MA_(DX5HDT.lO_II._/ex.lOEIl._IBX_IOELL._SR_.I_II._IB_.)UEIL._)

RR1NT Z50.(XT(II.I-I.Na)

22O _OR_JT_DX5HXT.1DEIl._I$X.10E11°*/DX.IOEII._IU_.IO_II._Ie_.IUELL°*I

221FORMA_DX?_VI.10E11.A/eX.lr)_LI.4/RX°_0_._/_.IO_IL°_,_.IO_II._J
_lNr ?22.tX_I_.I.Z°NDt

222 _ORMAT_6_5HXD.10£11._/_XoLU_._Io*._C**._•^._C_.q_e*._C_._

PRINT ?_.¢THEl¢I).I.I.NF115

PRINf Z33.ITHE?IlI.I.I.NF215
233 _ORMAT_X_THE5.1DELL.4/RX.lOEII._/Rx._oEII._ta_.IO_II._IBkoIOE

111._1

;2_ FORMATIDX5H_L.EI_._)

PRIN_22_A2
22_ FORMATIDX?_A_°EI_._

PRINT223

223 FORMATILHI_

PRINT226

226 FORMATI_X_,D£_

INEolN_-I)/10*I
DD_2? _-I.INE

K.II-I)'lO+1
IEI._ *9

IFIIEI°N_)??7°?ZR.22D

22D _EI-_E

22T DRtNT 229._._DELIIJ_*J-¢.IE]I

_29 _ORMATII?.]0E11._}
A1A5-Al÷R2

t_LP-II95_.95_.931

931 _R_TE TAPE 5°NC.NCC._P.NT.JP

WRIIf TAPE _.(Nll_).I.1.NTI

WRITE TAPE 5.(DT(I).I-1.NT_
9_ RETURN

END

++÷÷÷_***_+*÷÷÷_++++++_÷*

* SUBROUTINE XIN ÷

C THE SUBROUTINE XIN INITIALIZES T_E INTERPOLATION PSRAMI[YERB

• _8EL

• FORTRAN

• LIST
CSU_XIN

SUOROUTINE XIN

DIMENSION XT($O)eDTl_O)eN_l_OleANl¢_O)ev]i5OleX_lZ_OOIeV(2_OOIe

lXDI_O),N5CS0)eAN2( _OI,DELLITOOOI,XIOELI5_OOIeAZVtLIZ_OOI,

2TMETA_IZSODIeTN_TA5(Z_0OIeTHEII_OIe_I_OItlHII_U|.IH_I_O)

COMMON XT.OT.NIeAN)oV1_XleVeADeN4eAN_eU¢LIe_Lw¢L.A_¢_eI_¢TA_e

|THETAZeT_EIeTHEZeTHL_THZeN_eLRe_PPs_P49W_tNI;_UeNFiem'49W_4eNFLI;
2NFZIeA1D&Z,AIAZ,NEo_P,INEeKe_eII_IIt/_tLIeLZeiex_,_LZe_IIsAI5°

9_



SUBROUT%N_ XPn]_T ÷

C AND T_AN$FER_ TMEN O_TO T_PE

_ LABELFORTRAN

C$_BXPR[NT

SUBROUTINE XPR%_T
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o***********....*°.o.°***.°°*****

• PROORAM _AME-RESPONSE *
• *******************************

_M[ O_06qA_ _[SPO_S[ COWPUTE5 T'[ RESPONSE OF AImPLAN_

O_[QATING ON _UNWAYMAIN _OGRA_

C TM[ NAIN P_OGRAM _AINLY DETErmINES,AT THE BEGINNING OF EACM CYCLE,

C w_IC_ 5_SRO_TI4E GHO_LD BE USED TO C_LC_LATE TME RESPONSE OF TME

c AIrPLAnE DEPENDING ON WMET_E_ tME _ANDING GEAB_OR GEAR_) IS

c LOCKEO OR UNLOCKED

LABEL

• FORTRA_

CMAIN LIS

OINENSION Z!NI_I,_IN$12_,Z_INI_21*ZIlNII2I._INI21,_IINI_)_

IU2[N[2),_DIN4ZI,SIN(_I,$lINI_l,S2]NIZ_*_[NI2t,ZOINT2%._$1NItl,

_P|,IT_*KPI*N_ODE*N_T,N_*XLAMDA,XL_I._Lt2,XLII*_L21,NF_I*NF_*

_VVIKX*IXlI_XI*IT_ILII_NX,JX,JXX,G_x_C2IK_,KDD,IIIK_WIZ$_I_$T*X_¢'

?ZIN*Z_IM*ZZIN.ZEIN,OIN_IIN_IN._IN,SIN,SIIN,S21N,FI_.IOIN,

SR$IM.FST1N,FOIN*IMCII*X_C21*X_ClI.x_C_IlXx_T,_$II*P_

CALL II_l_

(ALL lPB|NT

CALL _B$
FSST1.FSII,ll

wRITE TAPE 611NIIKt*K*I*NT)

W_ITE _PE &,IDTI_),Kil,N_)

IL'J=

I.l

7C_ CALL X_P

l_qIL-2eJP181_,B10,811

El0 JY'_

GOTOeI2

B_ Jym_

el2 _O)DO JIJYIJ_X

J1lJ

MIJ+TIL-_IjPD

Ir[M-NX}B¢0,800+fi0[

BO| I-I÷1

NX-NX*NINI_

800 (ONIINU[

DO_.I.NMOOE

XAI_=ZLIN4_)-4D_III/2*D_*Z_IN{K_

XL{I,JI_._XLtI*XLt_*C_HEt_°JII*LIN_I_*WJI_*'2

CALL Ct

DOI2 _.I,2

CALL B°

GOTO200

CALL C_

Z_(2).UI{2.JI_

CALL BI

KZE-2

CALL C_

_XI°I

_DO-I

CALL B2_

GOIO_00

CALL C_

U_IIIoZIII.JII

U_IZI=ULI2,#II

CALL 81

GOT0_00

CAL_ _I

DO 14 _°I.Z

96

(ALL BI

GOf0203

_ZZ'2

KD_-!

_Z'_

_EZ'I

CA_L r_

Z_Z).zlrZoJI}

KXI=2

KX2=_

_DD-Z

CALL _]

_L-Z

CAL_ C_

KXl-2

KX2*!

_DD*2

CALL BZ_

GOTO_00

7_ CAUL CZ

CALL XA_

1OO IFCF_I_-FI_}_I32,_,_

102 ]r(r_N_iI+_(;_,_,7_

SII_[_:'S_{K,J)

2_ _'LL rxrT

• SUBRCV_IN_ XaE_3 +

*°**÷o÷÷+***°*+**°°°**_*.°°_

_E_O :h C_RC_ O_TA,A[RPL_ C_RACTE_IS_ICS A_ _NI_[AL

4: C_'NDI_[_NS

• LABEL

• L[SI

CXREA_J

S_B_OUI]NF XR_G

_SMAX¢2_,_q_).XC 1210M_G_} rE(12 O XK_I_],NFSI_°K_I_2_,

_I_ENSiO4 Z_I_I,ZlINII21*Z21h412),Z)IN_I_I,UIN(2)*UIIN_2_'

:_ZIN(Z_.U_IN(Z_,SIN(_I_SI_N(21oS21N_21,FINI2t,ZO_NI_).FSIN_21"

_FSTINq2_,_OIN(21,XMCI_I2*I_*XMC21(I_,IZI.X_CEI_%Z,12_'

ZDS.XOS,XXDS,NGS,XG,DG,XSS*X_G$,XA,XB*XCA,X_,_C,PC*PCl,X_C,X_CI,

*MPI.IT_,KP_,N_ODE,NPI,_M*XLAMOA,XLIhXLL2,XL2L°_L2Z._r$1,Nr$2,

6_VV,KW,KX_,KX2,1_,IL,I,NX°JX°JXX,G,xrC2°KD,K_O*(w*Kw*,ZST*US T,X_c°

7EIN,ZIIN,Z21N,ZEIN°UIN,uIIN°_21N,UEIN,SIN,SIIN°S_IN,FIN*EOIN,

a_SIN,_STIN,_bIN,X_C|I°X_C21.XMC}hX_C_I,XXKI



UD_I,1)=O.0

DO 51Z J-3,N_OD£

02_I,II-Z2[J,I_*FE_J°;)÷U_(I,I)

DO _1_ I=l,2

Zll_lI)=zll_,l

loo Z31NI_)=Z_II*I
_OIOl I=I°Z

U_IN(II-UII_Dt:

U3_N(1)=U_(I.I)

Sl_N(I).SI(I*_

REturN

_NO

÷ SU6ROUTINE XRP +
÷÷_++*÷+++÷÷÷÷++÷÷÷.+**+++

C REAO I_ rRO_ TAPE A_D PRI_S INTERPOLATEO TXME HISTOR_ OF AIRPLANE
VELO¢IT_,THETAX,rHETA2 A_O RUNWAY EL£V_TIONS AT THE MAX_ A_D

C NOSE C,_A_S

• LAB[L
• _ORTRA_

• LIST

CXRP

$UBROUTIN_ X_P

DIM_NSIO_ Z(I_._OO_°Zl_IZ*ZOOhZZIX2,2OO),Z_IZ,2OO_,Z_I2_°

IUlZ,_00_,U;42°200_,U_2°200),U_,_OO),O_42)°ZO(2°ZO0).SI2,200_°

_$1(_ 200).$2_2 _00 ,F_Z ZOO _S Z*_OO),_O_2,2OOIPFII2),QI2*200_°

4SMAX_2),XM_t2t,XClI2).OME6_¢I21*FE_X2_XO)°X_T(2),NFS_ZI,XK5112),
_X_S2_ZI,XFS(2,ZO),OS(2*20),XOS(ZI°XXD$12),_6$(2),XGI2+_0_,XG$12_,

60_(Z,_Om,XX6SI21,XAIX_J°X_12_°_CA(12)pX_BIX2t,$C(l_),pCICX21,

8X_C_CI2,12_°XCC(12,121,XCC2_12,1_,XKClI_,IE),XKCZ(12,1_),OT(SOI_

01_ENS_ON Z_N_I2_*ZIIN_12_°ZZIN(12_Z_IN_I_I,UlN(2),UlIN_2),

3XMC_I_I2,1Z),XX_T_2_

COM_O_ Z.Zt,Z2°Z_,Z_,O,Ut,U2*U_,U4°ZO°S,S_,S_°_F,F$°rO,FI,XL._j,

+++÷+++++**++++++,÷+÷+++÷++++

+ SOaaOUT_NE XPRINT +

+*++++,÷++÷÷++÷++÷+÷÷÷++++÷+,

C _T OUT DA_ RE_D IN VIA SUbrOUTINE XR[AD
• LABEL

_ORTqA_

• LIST
C_PRXNI

SUBROUTINE XP_INT

OIM_NSION ZI12*200)°ZI_IZ*200)°ZZ412°20OI*Z_IZ°200_,Z_Z_°

2Sl_2*200_,S212,200)°F(2o20_I°rSI2_00_,_D_2*2OO_°_I(2_.O_2,2OO_,

lPC_I21,XFC(12°IZ_.XFC2_2°I21*XMC_II2.12)°X_C2_I2.I_).X_C_12._2b.

CO_O_ Z_Z_,ZZ°Z_,Z_*U°UI,U2°U3°U_°ZO.S°SI°S_.O°F°FS*FO°FI°XL°_J.
XFST_T_£TA,DELTA,V.XST,SM_X°_M.W.XC°_6A_F[IX_T°_FS.X_ShX_SZ._S.

ZO$*XOS,XXDS°NGS,X6,D6.XGS°XXGS.XA°XU,XCA_XK_,SC.p¢.pCI,XFC°X.VCl o

_XM¢2°X_C_,X_C_°XCC°XCC2*XKC°XKCZ,_T°NI_GX,6_t_P,LP,LPP°_P._pp°Jp°

_MPX.IT_,KPl*N_OOE.NPT,N_°XLAMOA*XLl_°XLt2°XL21_XL22°_SI.NFS_°

SNF$_I,N_S21°NGS_*NGS_._6SII°_S21°_.KK._KK,_Ml,KZ°_ZZ.J.JI._V°

7ZIh,ZIZ_*Z2%N,Z_I_,UI_PUIXN._21_,U3I_*$_N,SII_,S21_,FIN,ZOIN.

8FSXN,FSTIN,FO_N,XMCI_,XMC21.XMC31_XMC_I,XXK?
PRINT _20

52O FORMAT(3XZ_P,_X2_Nf,_X3HITI,ZX]_KPl)

PRINT _21,_P,NT_ITl,_l

P_INT _ZZ

_22 FO_M_T_3X2HNII

97



$25 EORMATI)X2NDTI

PRINT S2411DT(|)g|I]oNT)

S_* FOmMAT(gEt_.S)

PRINT 5_
E2_ FORXAT_XSHMPl,)X2HJP,aXSH_PTN_OOE)

P_INT $_I*MPI*JP*NPT,_NODE

_AI_T 5|6

526 EORNAT(_XlMG*I0XSHXLANOA*|X_HWCll,9X4HWl2J,gX4HWt]))
PR%_T 52_,G,_I.A_DA,t_(1),I.lgSI

PR1NT _?

521 FORNATI_X2NXN_

PRINT _2a
_2| EORKAT(_X2MXC!

PM[NT S_4,(XC(I)*I=1,N_ODE)

PRINT S_9

_29 FORNAT_X_H_E_AI

PAINT 5Z_(O_E_ACI_*I-L,NNOOE)

P_I_T _30

00 5_! J-1,NPT

PRINT _)Z

_32 FORMATI_X_HUST_IOX_ZST,10XSHXST,LOX_HSHAX,9_SHX_TI

OO _3 I-I,Z

_3_ _0RMATI4X_HXLII,gX_HXLIZ,gX_MX_21.9X_HXL22)
PRINT SZ4.XLII,XL_Z*XLZt,XLZZ

S_ FOAMAT_SX_FSI

PR|NT 51&

S$? FOMMATtSXS_XVSI2, _

PRINTS39

SS9 _O_MJT_X_M_5_Z* )1

PRINT_2_,(0S(2*Z),I'I,N_S2)

P_I_0

_40 EORMA_C_XSHNGSI

Pm[_T_l

PR[_TS_Z

_Z FORMAT_X?MXGI2_ _)
PR%_T_Z_.IXGIZ,%).%.I,_0SE_)

P_r_TE_
5_3 FOR_A_)XTHOG(I* _)

P_INT_24*_OG_,Z),I-Z,NGSl)
PRINTS44

pmlNIS_5

549 FORNATi_XIHZDiiXZHEIIIIXSHZS,llXZHZI)

PRINT_T

S_? FORMAT_SXIMU.IIXZH_],I_XSMUS*IIXSH_J_I

DO _S %.1,2

_*S PRI_T524,U_hl),UI(ItI_,US_,l)°US([*1_
PRI_T_9

_9 EO_A_(SXl_,IIXZMZ_,IIXS_FS.10XSHEST._XZMFO_

A[TURN

[NO

* SUBROUTINE VPR[NT +

¢ PRINT OUT m[$PONSE

• LABEL

FORTRAN

• LIST
CYPRINT

$URR_JT_NE _PRZ_T

OtNENSION Z¢lE_2001,ZI(12,200)_ZZ(1Z,ZOO)*ZS(12*2001t_A_Z)*

LU(_*2001_UI(2*200)DUE(Z*2OO_*US_2,2OO)*U_(Z),ZO_2,200_,$12*200)*

_Sl¢2,2001*SE_2*ZOO_,_,2001*FSIE,200_,ED_2,200_FIIZ_,OIE*200),
3EST(Z,_00_,XL_Z,2OOI,T_ETAIE,ZOO|,OELTA(2_EOOI,VlEOO)_XST_2),W¢3)*

3XASZ_EI_XF$12,ZO_*OStE*2OI*XOStE_,XXOS(2_NGS(2),XGIZ_SO),XGS_2)o

SOGCZ°SOI,XXGS(_),XA_lZl,XBIIE_XCA_lE),XKB_tZI_SC(|2)_PCI(]2_*

TPC(IZ),XFCI12,12_,X_CE(IZ*_2)_X_C1(12*lEI°X_C_(12*IE)_X_CS¢_E,121P

SX_C4112_]2_,R_C_]2,]2_,XCCE(12,12),X¢C_IE°IE),XKCE(_2,]2),DT_O},

01_ENSZON lZ_tEI,ZIIN_2)*ZE]N(ZE),ZSI_t_2_,UIN_2),UIIN(21*

_U21N(Z)_U31N(21*SINIE)_SlI_¢2)_SZ1NIEI,F[N(2)_ZOtNRZhESINIE_

2FST_NtE)*EOI_(_I,X_CII_lE*IE_*XMCZ[It_,IE)*XM¢_I(12*I_),

EX_C_f(tE,_EI*XXKr(E_

COMMON Z,Zl,ZEmZS,Z_*UtU%*UE,USDU_,20,S,SI*SE*_*E*E$,_O,E1,XL*KJ,
IFST*T_ETA_OELTA.V*XST*SNAX,XM,W.XC*OMEGAtEE,XRT*NES,XRSI,X¢SE,XFS,

_OS,XOS,XX0$_NG$*X_*OG,XGS_XXGSDXA*XR,XCA*X¢8*SC,F_C*PCtDXEC,X_E1,

]XN¢2,X_CS,X_C4,X¢¢*_¢¢_,X¢C*XR¢2,0T,NI,GItGS,_P*LP*LPP*KP=¢_,JP,

NMP]*]TIDKRL_N_OOE*NPT,N_*XLA_DA*XLII,_L|EtXL21°XLEZ,N_S1,N_SE,

$NFS%1,_ES_I,NG$1,NGSE*NGSL|,NGS21*NT*KR*_K_tNI,Kl_K_Z,JIJ1*KV*

6KVVDKXDRXI_KXE*]T,ZL,[*NX,JX,JXX*G,XECEt_O*¢D0,KW*KWW,ZST,UST,XNC.

?ZIN,ZltN_EZlN,_3[N,UINtUIINBUEIN,USi_*S]N,Sl[N_S21N,E_N',ZOIN,

D_IO J=IDJXX

N=J*tIL_2*JP)

PAINT 1,_

I EO_AT_SXEH_=,ISI

PRZNT 2
2 F _ATCSx _ ,lZXZ_Z_,IEXE_ZE*IEXEHZ_)

0<_K* 1 ,NX_D_

4 PI|NT 3IZ(¢tJI*Z_(K*J)IZS¢K*J)tZSlK*JI

EORNAT(SE_4*Si
PRf_T S

S FOImATCSXSHU *LEX|HUI*IEXEHUEt_EXEHUS*IEXSNFST*I_XEHV_||X_HPO*

_|_XEHR I

98

Oot*Kot,Z

S PR|kT S*UIK,JI*UllR,J)*US(¢*J)*USRK,JItESTIK*JI,FSIK,JI*ED(K*J_*

1ERK*JI

Z0 EONI INUE
RETURN

ENO

÷ SUBROUTINE YWT +

• TRANSFER RESPONSE OF A|RPLANE TO ?A_

• LA_EL

• _ORTR_N

• LIST

C_WT

SUSROUTINE Y_TIJXX,IL,_'x, ODE*Z*ZI_ZE*ZS*EST)
_INENSION ZIL2*Z00)°ZI(12*2OO)*ZSIIS*_OO).ZSlIS*_OO;IFSTIE*200}

_RITE TAPE 6,_Z(K,KI),K)*1*JXX)*K-Itm_OOE)

_RIT[ TAaE S°_21_R,K1)t¢l-1*JXXI*K=I,N_OOE)

_RITE TAPE 6,(;ZE(KIK1),_IwI.JXX)_K-I_NJ_OOE)
_R%TE TAmE 6*_ZS(¢,KII,KI-I,JXX),K,I,N,qO0(_

RET_

÷÷÷******+,÷_,•÷++÷+,÷++÷÷+

SUBROUIZNE MASS *
•÷*÷÷.*+••+_÷+÷÷++÷+÷*÷÷_÷

¢ ¢O_RUTE,I_VERT A_O PRINT _ASS MATRIEES

• LABEL

• FORTRAN

• L%ST

CRASS

SUBROUTINE .ASS

DI_(_SIO_ ZlI_*200),_(12*Z001*ZSIISI_OOI_Z$(IZ,_OOI*Z_CSIt

]UlS,2OOt*UL(2,|OO),U_(2*ZOOI,_311,_OO)_UA_I)*[O¢Zt_OOItSI|IiO0),

2S_IS,200)*SS_,200_,E(2*2001_E_I_*|00),_O_*|001PVII_I_OI|*IO0),

_A_(2_,XM(12_XC¢lZI_O_EGAtI_),FEtIS,]OI,X_TIZ),NFS(_),X¢SI(S),

_XK$2(2),XFS_2*20)*DS_SDS0_*XOS_2),XXDS(_*NGSIS)*XG_2,SO),IGS(2),

60_(2,_O),XXG_(2_,XAqLZ)*XR(12),_CA(12),x_B_IZ),S¢¢_2),P•I(12),
?PC(lZI*XF_(IZ,12]_XFCS_IZ,lZ),X_C](12,tZl,X_CS(IZ,12),X_¢_(12*121*

BXMC_(tS,121,XCC(_2*IS),X¢CS_]_,ZZl,X_EI|2,12),X¢CS¢]2,|21*DT(_Oh

OZ_ENSION ZI_I_2)*ZI[N¢_2)*ZSINlISI,Z_[_IS_,_]N¢2)*U11_121*

ZUZlN_2),U_I_IZ_,S[_2_,SlIN_ZI,_INIZ)*_[N(2),ZOINRZI°FSIN(2)°

COMMON _*Zl.ZS,ZS,Z_,Uo_].U2*UE,U_°ZO*S,SZ*SS,O*E,FS,FD.EI,XL*KJ*

tFST*_HETA.OELTA,V,X_,SMAX,X_,*°xC,OMEGA°_E,X_T*NES*XKS_.X_SZ.XF_°

2DS,XOS,XXOS._GS*X_,OG,xG_°XxG_,X_*XS*KCA,X_B,SC,PC,PCI,XFC*X_I,

_P_,ITI,_I*NMOOE,NPT,_M,XL_OAoXLII*XLI2*XL2t,XL22,NFS_°_FS2_*
_NFSII,NFS21,NGSI._SZ,_G_LI°NGS2_.NT,K_*_¢_,M,M_*_Z*_ZZ,J*JI*KVo

?Z_,Zl%_.Z2_N,ZSlN,UlN,UIZ_,_I_,_3%_,SIN,$1[N,S21_,FZN*ZOZN*

6FS[_,FST]_,FDIN,X_C_%*X_C21*X_C3%,X_41,XXK_

DO 11 -I,NMOOE
DOt J * _. ,_ql4OOE

X_C 1 ( %°J) .0.0

DO Z J=].N_'IODE

OO_I-1,2

XM¢3_t*I_-XM_]I

:* XM¢*.I I, 11.-X_C_._ 1. _ )
DO_ I "_*N'*OOE

DO 3O %°I,_MOOE

DO 3O ._.I,_*_ODE

x_21( [.J).1_¢2(_ *J)

x_1¢3[ (f, J_-_=ICS( I. J_

90 _C4! ( ! ,J)'XM•_I [ _J)

CALL S'tM_NVlXM¢! I bt_MOOE )

CALL SY_INV I X_E2 [. t_qOOE )

CALL SV_INVJ X_¢3 _ .NMODE I
CALL $_M I NV I X_q¢*, %*_OOE I

IF(LP-_IZ_,Z0.21

20 PR_tt_ S

6 _O_tr_AT _S_ X_¢l)

CALL _RI_T*_X*'_C_oNMODE,_Or_Eo_2_
PRINT T

T FORW.AT ( 8_ X_¢2)

CALL PR INTM( XM¢2 *N_OD[ INI*OOE • 12 )

PRINT $

e FOR_T(EH XN•31

CALL P_ l NTM_ X_¢3 * NW_OOE .NMOOE • 1_ )
PI_ ZNT 9

9 EORM*_¢SH X_•_I

CALL PI_ ZNT*I_ XM¢_ * N_4OOE, N_4ODE, 12 _

PItI_T SO

gO FORMAT (9_ XI*EII )

CALL PR INTM I X_E 1 [ *r_ooE °_MOO[, 12 I
_#INT S1

CALL PR [ NT_I¢ X_¢2 ] ,N_OOE, _UOOE, _2 )

RR] N'r 92

CALL Plq [ NT_ t X_¢ 3 Z* NMOrJE, N)tODE DL 2 )

PRZNT _3
SS FORI_AT C9_ X_tC411

CALL PR Z NT _( XP4¢4 ], N_4ODE, _qOOE, 1 ;t )

2[ RETU_

END



÷ SUBROUTINE CK2

C COMPUTE DAMPI_ AND STIFFNESS _AtRICES FOe THE CASE W_EN BOTH

C LANDt_G GEARS ARE LOCKED

_ LASEL
FORTRAN

• LISt

SUeROUTXNE OK2

OtMENSION Z_]2*2001tZIII2,20_°Z2(_Z,2001.Z3EI2,200_,Z_(2),
IV(Z,2OO),Ul_ZoZOO)oUZCZ,Z_).U3f_,2_O_,U_(2)tZO(_,2OO)pSl2_200),

_EII2,200_,S2(2,200hF(2,30_I.FS12,200),FO_2o2001°FII21,OI2,2OO), •
sEsr[2,2OOI,XL_2*2OO),TMFTAt2,2Oe),DELtA_2,2OO)°W2OOIoXSTI2)*WI_)o

_$MAX12),X_I_2_XC(I_),OM£_A(121,FEE_Z_10)oXKt_),_FS(2),X¢$1(2_,

5X_S2(21,XFSl2,20).DS(2o20)*XO$12_,XXD$_),NOS_oXO(Z,_O_,XOS(ZI_
_OG{2_$OI,XXGSIZl,XAII2_oX_I2_,XCA_I21°XKBIL2),SC_I2_PEl(12),

?PC(121,XrC_]2,121,XFC2(_Z,12_,XHEl(12o)21,X_C2(12*_2),X_C_(IZ,12)o

|XME_(]2,_2),XCCrI2,12),X(C2_I2,_2_,X_C_]2°IZI*X_C21_Z._2),Ot(_O).

_Nl(_OIoOI¢2),O$_2),USTI2).ZST(2_,X_Cr12_121

IUZI_I2).U_I_(_.S]N_2),$11N{21,S_[_Z),FZN(2_,ZO[_(21,FSINI2),

_FStlNIZ},FelNIZ),XMClZClZ,]_I,X_C21112o12_,XMC3_(1_o_I,

_XME_I_I2,1Zl,XXKt12_
CO_MDN ZoZI,Z2,Z_,Z_._,U1,U2,U3,U_,ZO._,51*5_,O,F,FS,F_oFI,XC,_J_

IEST,1HET_,OELTA,V,XST,_HAXoX_,_,XC,OMEGA,FE*XKr,NF_,XKSl,XKS2,XFS,

20$°XOS,XXOS,NG_,X_,DG,XGS°XXGS,XA,XB,XCAoXKS,SC,PC,PCI,XFC,XMEI,

_XMC2oXMC_,X_C_°XCC,XCC2*XKE.XKC2,DT,_I,0],GS,_P,LP,LPP,KP,_PPoJ_,

_MPI._tI,_PI,N_O_E,NPt,N_tXLA_DA,XLII,XL_2,XL21,XL22,NF$1,NFS2*

_NFS]I,NF_Z],NGSI,NO$2._GSJl,NG$2],NT.KK,KKK.M,_I*KZ,KZZ°J*J1,KV,

6KVV,KX,_XIo_X2,]t. IL,]*_X,JX,JXX,_,XFC2,_O,_DD,KW,K_.ZS_*UST*X_E,
?ZZN,Zl;N.Z2_oZ3ZN,UlN,Ul]_,_2;_,U3ZN,SINt$LINoS2_N,F_N,ZO[N,

_F$1R,FSTtN,_DIN.X_CI_oXNCZl,XNC3],X_C_,XXKT

I'1

OO ]0 K'IIN_ODE

DO 10 K_=I*N_ODE

10 XCC2_K,K]I'O*_
DO 11 ¢'_IN_ODE

11X¢C2(K°K).XCrKI

DO 2O K=1,2

DO 2O KI-K*N_ODE
ZO XKC21K.K_=O,O

DO 2Z Ko_*NMOOE

OO 21KI=K,NMODE

XKC2(K,KI_._oO

DO 21 K3-1.2

21X_C2fK,KI_'XXKT_K3_FEIK,K3)*FE(_I.K31+XKC21_*KI)
Z2 XKC21K,_,XKC2_K.KI_XMEK)iOM_OA_)_'2

DO2) K=_,_M

K_=K+I

DO 23 K_=K_,NMODE

IE(LP-])_|,_O,3!
_O PRInt6

6 FORHAY(SH X¢¢21
CALL PR]Nt_(XCC2,N_ODE,N_OOE,12)

PRINt _
? FOR_AtIRH XKEZ_

CALL PRINTM_XKC2,N_OOE,N_ODE,12_

ZF(SIN(K)-XXOS¢_JJZ.2*)

2 X_SlC:)=¢XFS_K,¢I)*XFS_K,KI-I))/O_K.KI-1)

XKS2[_=XrS_K,_I-I_°XKSI_I*XDS_KI
OOtO_

3 XDS_K_-XDS(K)+0SIK_KI-I)

X_DS(KI-XXDS_I_D$1KtKI)

10 CONtiNUE
CONTINUE

DO24 K=KK_KKK

XGSIK)=Oo0

XXG_IK_-OGIK.I)

NNOS=_OS_KI

OO2_ KI-2,NNGS

fF(SIN(KI-XXG$_K_)26.26.2_

26 GS(K).((XO_°KII-XO_K,KI-I_)/D_{_,_I-III'_SlNIK)-XDS_))
I_XO(K,KI-II

GOTO2_
2_ XGS_K)-XGS(_I*DG_K,KI-1)

2_ COntINUE
2_ CONTINUE

OO28 K-KK,K_K

OH=OSIKI_S]INIK_

XKC_I,2).0.O

XCE_I,Z_,0,O

Do_gK,I,2

XKC_K.K),XKSI_K)÷XXKT(KI

29 X¢¢(K,KI-GIIK)

DO_Z KI.3.N_ODE

XKC_,KI_=-X_SI_KI_FEIKI,K)

12 XEC(K,K1)=-Ol_K)eF£_],K)

3Z IF(KK-I_I.41*_2

_Z KO-!
GOT0_0

41KOo2

4O OOI_K-KQ,KO

0013 KI.I,NMODE
X_ClKoK1)°O.0

13 XCC_K°KI_'_.O

_] ¢0Rr_NUE

XKC_K]oK_I-0.9

OO3_ K_-1,2

DO _ KI,_*NMODE

DO _ K3=KK,KKK

4_ XCC_Kh_Z_._t_K_.rFtKI°_'F_(KZ,Klt+XCCIKI°K_)
4_ XCC(K],KII-XCC_KZ,K1)*X¢(KI_

DO 36 K.],N_

K_-K*I

DO 36 K_,K3oN_OOE

XKCIK_oK_-XKCfK°_]

O0 150 K9"I.NMOOE

)_0 XFC2(KE,Kg_°XMC2_R,_9)_(DT_|)/2.0).XCC2{KR,Kg)_r_O1rZ)*.21/6.0)_

]XKC2[KE,Kg)
IFILP-l_IEh_60,161

]60 PRINT 162

162 FORNATIEH XF¢2)

CALL PR]NT_[XEE2,N_OOE.N_ODEo12_

16l CALL SYMtRWXFC2,NMD_E)

IF _VrO_ ¢_CK ]6_,16_

163 CALL EXZT
16_ IF_LP-I_32,_70°32

170 PRINT 172

172 FOR_At_gH XF¢2])

CALL PR[N_XFE2,N_OOEo_MODEo12)

32 _ET_R_
END

_**÷+÷+_÷+÷+*÷****_÷_÷÷+÷++

SUBROUTINE CK34 +

C COMPUTE THE DAMPZNG AND STIFFNESS MATRICES FOR THE CA$|$ _H_N

C E|THER _OTH GEARS ARE UNLOCKED OR ONE OF THE GEARS ARE UHLOCKED

Ll_gk
FORTRAN

• LIST

CCK3_

SUBROUTINE CK3_

DIMENSION ZI12*200)_21_12t2001,22112°200)_Z3(]2°200)1Z_(2),
IU(Z_2001,UIIZ,2CO)*U2(2_EOO)_U_(2_2OO)IU6(E)_ZO(2,200)_S(2,EOOI_

2$1t2_2001,S2(ZoECO)IF(E,ZO_)_F$(21ZOO)_FD(2,ZOOI_Fil2)_Q(E,ZOD)_

)FSTtZt2OOI°XLIE,EO_)*THETA(EIEOOhDELT_f2_EDO)_V(E_OItXSTI2)_(3),

_SNAXfZ)tXNfI21,XCi12),O_EG&(121_FE(12_IO)*XKT(2)tNFS(21,XKSI(21,

5XKSE(E)*XFS_E,ZO],D$(Z*2OI,XDS(EI,XXDSt2)_NGS(E),XG(Z_OI,XG_2)I

60GIE,50]°XXG$(2),XAII2)°X_(12),XCA(12),XKBII2)*SC(12)IPCII12)_

?PC(_)tXFCiI2_)oXFCEII2°Z2)eXHEItI2112]_XNC2(IZ,12_,RHE_(_2°12),
8X_C611_,lE)*_CCI121|ZI,XCC2112°IE)IXKC(|2°_21tXKC2112eI2)IOT(S0}t

9NI(_0),GI_Z),GS(E)*UST_EI,zsr121_XNCI12,12)

DT_ENSION ZINIIE)*Z1]Nt]ZI,Z21NII2)IZ31N(1E)*UINIE),UIIN(2)_

1UE_N(21oUtlN_Z)oS[N(EI°SIlNtEI°SEINi2),FIN(E)*ZO]Ni2)IFSZN(2)t

2F$T]NI_)IFDZN(211X_CI_(121_E)IXHC21([ZlI2)IXNC)IflZt121,

3X_C_I(12_12)I_XKT(2)
EOM/*_ON ZtZIIZ21Z3*Z_,U,UZ,UE_31U_IZO_S_SItSE°O_F°FStFDtF1_XL_KJt

IFSreTHETA,DELTA*V_XST,SMAXIX_W,XCIO_EGA_F_°XKTeNF$_XKSI_XK$Z_XFS,

2DS,XDS,XXOS,NGS*_G*DO,XGS,XXG$*XA,_81XCAtXKBe$CIPCIPC1eXFC_XNCI,

_X_C2,X_C3,XNCe,XEC*XCE21XKCtXKC21OTeNIIGItGSeMP,LPeLPPeKPeKPPIJP_

_P]_ITItKPItN_e:)DE,NPT,N_XL_MDA_XLL|IXLI2*XLZ]IXL22_NF$1_NFS2_
5NF$]]tNFS21eNGSI_NG$2,NGS111NG$2_NTtKK,KKK_MtN]tKZ_KZZ,_°JI,KV_

6KVV,KX,KX11KX2_]T*IL_IINX,JXIJXXeG,XFCEIKD*KOOIK_,K_,Z$T_USttXMCl

7Z_N=ZIZN_ZE]N,Z3ZN_UINtU_IN*UE]N_U)INIS]N_SI|N*SZIN*FIN,ZOiNI

RF31N_FSTIN,FD]N*XMCIZoX_CEI_XNC31,XMCkI_XXKT

_0_ KIKKIKKK

XD$1K)=0,O

XXOSfKlID$1K_I)

NNFSINK$¢KI

IFI$[N(K)-SHAX(K))5,5*6

6 PRZNy 20,K°J,K
20 FORM&T(2H$(I_IIH°I_,|H)I_H EXCEEDS 5MAX(I_,IH)_

C_LL [Xlt
0010 K_IE_NNF$

_s XCC(K_,K)'XCC(K*K_I

_TURN
ENO

*+++++**+*++*++**+++++÷+*

+ SUBROUTINE C1 •

+÷+÷+*++++**+++4*÷÷÷÷+*++

C COMROT_ RESPON$_ O_ AZRPLANE FOR tHE CI_ _HEN RO_H _A_01NG G[ARS
C ARE UNLOCKE_

* LA_EL

FORTRAN

* LIS_

COl
SUBrOUtINE ¢1

O:_ENSlO_ Z112,2OO),21_]2,2_ehZZ112°Z_),2t(12,2_¢_.Z_21,

_FST¢Z,_O01,XL(2,EDO),THETA(2,Z09).DELtA(2oE001,WE_O_,X_t_,21,_{_I.

_$MAX(2_,XM(121,XCIIE).O_EOA(12),FEIIE,IO),XKT_2),NF_(2),X_I_21,

_XKS_(2).XFS_2,2_I°D_2.2_)oX_S(21,XXDS(_,NGS_21°XGIZ°_C),XOS(_),
EOGIE*50_°XXG_2),XAIIE),X_(12),XEAIIE_,X_8{121_SC_21,PE11121,

?PCIIE_,X_C(lZ,12),XFCEIIE,12_.XMC](]2,12)*X_CE_2olEI,XM¢_112o12_,

DX_CS_IE,I_),XCC(12,]21°XCCE(12.12),X_ClIE,I_),X_C_12,121,_rI_)o

DIMENSION ZINIIE_,ZI;N(121,LEIN_IE_,Z_N(]21oUlN[2),U1_R(21°

lUE_N(21,U_IN_2),$ZN(_),SIIN(21,S2_NIZ),FZ_(21,ZO]NIE),F_]N(21°
ZFSTZN(21oFDIN[2).X_EI]_IE,IZl,X_EE]_IE,12),X_C_IIIE°121,

)XMC_(12,1Zl,XXKTIE)

COMMON Z,ZI,ZE,Z3.Z_,_,_I,UE,U_,U_,ZO,SoS_._2,0oF°E_°ED,FI.XL,_J,

IF$t,THETA.OELTA,V,XST,SMXX,_M,_,XC,O_EOA°F_,X_T,_rS,XKSI,XKSE°XFS,

2DS,XOSoXXDS.NOS,XO,DG.XOS,XXDS°XA,XE,XCA,XK_o_C°PC,RC1°XFEoX_CI,

3XMCZ,XMC3,X_ES,XCC,XCCE,XKC,XKCE,0T,NI,GhOSo_P.LP,CPP,KP,KPP.J_,

_PhlTl,KPI.N_OOI,NPT,N_,XLAMDA°XLIl°XLIE,XLZI°XLZE,_FS_,NF$2,
_FSl],NF$2],_O$1°NO52,NOSII,NGS21.NTo_,K_K,_,;_I°KZoKZZ.J,Jh_V,

?Z]N,ZItN,Z_ZN,Z3]N._IN,UlZNoUEIh,_31N,51N,SIlN,SEIR,EI_,ZOIN,

_FSZN,FSTZN,rDZN,XMCZ;,XNCEZoX_E_I,X_¢_[,XXKT.FSSTI,F_tZ

L_P,2

KK-I
KK_-2

DO 100 K=I.Z

XX_T(KI.XKT{K)

_F(FSTIN(_I_101,101,100

10_ XXKT_KI.0.O
1DE ¢ONtZNUE

CALL CK_

DO_1 K-1.2

IK,J1_)
OO 52 K-_NNOO£

_2 SE_I=-XL(I*J])lFE(K,_I-XL(2,JI)*EE(K,_I-FE;_,2)*IF(2,JI_*_X51(_I

ItXST_ZI_XKS212))-FE_K,11e[FII._L)_XKSI(II_XSTI_)*XK52_l))

Z*FE(_.I)-F_STI+FEIK°_JIFSST2

D054 K=I,NMODE

XEAIK_,0._

XCA(_)=XCCIK,KI)'XA¢_II+XEAIK)

99



PCLIK)eSC(K)-XCAIKI-XKBIK)

5_ PCIK)-PCI(K)
DO 60 K=I°NmOOE

O0 60 XZ=Z°NNOOE
$0 XFCI_°KX)'XMCltK_II+IDrql)/Z.0)'XCC(_,_I_+IIDT(1)'"Z)/6,0)

IeXKC(K,KI)

CALL SOLEOUCXEC,NNODE*PCI,1}

IFIX_C_EO,a0,BI

I1 PRINT aZ

IZ _ORMAT(2]HXFC GREATEA THAN ZER01
CALL EXIT

8O DO56 _-I,N_OD_

Z2(_,JII=PCI{_)

Z3(_,Jll=Z2[_,Jl_

Z_,JZl-XBC_)÷IIOT(_)'*Zb/2.0J°ZZlK,JI)
_6 ZI(K,JII-XAIK)÷IOT(_)/2.0)tZ_[K.JX_

DO_8 K=h2

UC_*JZI-O.O

Ul<K+Jtt=0.C
V2{_,JL)-O,0

U{K,J_)-UI_,JI_+Zq_I,JI)'FEI_I,K)

O2(_,_l}=u21_,Jl_*Z2t_l,Jl]*EE(_l,_)

SlK,JI)=Z_,JI_+XSTCKI

SI_.JI+,_tX,JI+-ZI{K,JI_

$21K°JI_-_Z(K,J1)-ZZtK,JI_

IFIZST(_)+Z(K,JII÷0ELrAt_,JI)_0_,_O0,_01

k00 FSt_K,JI_-XX_Tt_b'tZSTI_)*Z_,JII+DELIA4_.J1)_

IrlSq_°J1)_200,Z30oZ01

2OO _SI_*J1)=XKSZ<_

GOTO 20Z

Z0! EStK,JI)=X_SI_I_SlK.J1)¢_KS2(_I

Z0Z GG-GI_K)

_8 Q(_,JI_'F(K*JII+_S_K,JI_+ED(_oJI)

XL<I,JI_={XLII°XltZ°(THETA<I,JI_°ZI_*J1))).V(JI_**Z

XL_2,JI_=_XLZI°XL22"(THETAr2,JI)*Z_,Jl_)_.V(JII.*Z

IF(LP-tI_t,20._
ZC P_INT 70°MI

PRInt 7!

_ FOR_ATC_X_HSUB C1_

CALL PRt
Z_ RETURN

END

÷*++÷÷+÷++++÷*÷*+÷*++**÷÷

+ SUBROUTINE C2 +

÷÷+÷÷+÷÷++÷+÷+÷°++÷÷+÷+++

c COMPUTE RE_PONS_ OF AIRPLANE FOR IME CA_E _HE_ _OTH LANDING GEAR_

c ARE LOCKED

• LABEL

FORTRAN

u(m,Jll.0.o
u1<m,J1t=0,0

D058 KI-_,NMOOE

UIK,J|)IUIK.Jt)+ZIKt,JIIeFEtK],R)

UZlK,_I)=ZZ(K°JI)

Z<_,_I).UtK,Jt)-ZO_K,Jt_

ZI_K,JI)'OI_X,Jtl

S(_,JII-ZO_,JII+XST4K_

51_K,JII*O*O

SE<_°Jll'_.0
Ir<ZST{K_+ZI_,JI)÷DELTA(K°JIII_O0*_O0,40!

_00 FSII_°JI_'XX_(_)'_ZST(KI÷ZI_,JI)*0ELTA(K°JI)_

_L+_,JI+:_L_+XLIE-IIHrT_(I°JI)*Z_,JIIII+V[Jt_'eZ

_L_2,_.<XLEI+XLEZ.ITHETA(2,JI_*ZI_,JIIII*WJ_I''Z

2O PRINT _O._l

_0 FOm_AT_9H Ml-,I_

PmINT _|

_I FOR_AT_SXS_SUB C_
CALL P_l

21 RETURN

END

+°+*÷÷+°°÷+°+÷÷÷÷+÷÷+++*÷*

$ ÷UBRO'JTIN+ C_ +
÷÷++++÷÷÷÷+°+÷++÷.++÷÷°+÷+

C C0mPUT_ mESPC_SE OF AlmPLANE TOm TmE CA+E wmEm EIIHER ONE OF +HE

C L£m0tNG OEAmS tS LOCmED

• LABEL

FORTRAN

* c rST
¢C34

SUBROUTINE C3_

DIMENSION ZtlZ,Z33).ZItlE,2001+ZE{LZ,ZCO},Z3(lZ,20UI,_421,

I_(2,2_%I+U!I2,2]CI,J2{2+2_I,IJ_KZ+_qO).U_fZ)°ZO¢2,2COI+_{212_Ot°

3FS_(2,_C=_°XL42o2_,THETA[Z+ZCO),OELT=<Z,Z301°VIZgOIIXbII2)+*(3)°

_3MAXIZ)°XM_IZ),XC(IZI°OMEGA¢IZ)°_EIIZ°I_)°XKTtEI°NFaIZ)IAR=_tE),

_X_SZC_,xFS_._O),_S<Z,Z;I,X_S(Z=+XXDStE_,NGS¢2=,XGIZ+_,XGS(2),

_DGI_,5_,XX_S_2},_AtI21,_B(IZI*_C*<12_,xKBtI2_,=EItZD+PCI(I2)°

7PCIIZ)o_FC¢I_,I2_,XFCE[12,1Zt,XMCtCtZ,IZI,XMCZIIE,IZ)°XMC}(_2°IZlo

8XMC_412,1Z),XCC(_2,1ZI+XCCEtI2°IE}tX_CIIE,IZI,_CE{IZ,I_),DT(_Ol,

9NlNS_°_I(Z)°_StEI,tJST_2),ZF+T(2),XNC[|2+I_]

D_MENSI_N ZtN{IZI,ZIIN(12),Z2IN*IE),Z31NtlZI,_IN(Z),UIIN<2),

tUEINIZ),U_tN_Z),SIN[2],S_IN<2),SZIN_EI,FINIZ),ZOIN_)°F_INI21,

_F_TIN42),FUI_t21IX_CZI(IZ°121°X_C21112°IZ)°KMC3[(J2,1Zl,

C_M_ Z,ZI+ZE,ZJ.Z4eJ,UI,b2,J),U_,ZOeSe$I,_Z,_eFeF_,F_,_I,x_,KJ,

IFbT,THETA,OELIA,VoX_T,_AX,X_IW,XC,ONEGA,FE,_T,NE_°XK_I,_bZ,_E_,

2DS,XDS,XXD3,NGS,XG,DG,XGS,X_OSIXA,XB,XCA*X_B,3E,PC,PCI°xFC*X_CI°

3_E_+W_C_,_U(_°XEC+XCC2+XKC,XKCZI_T°NZ°O_+G_I_PILP+LPP+KP.KP_+J_+

cC_

LIST

SUBROUTINE C2
OIMENSION ZtLZ*Z_OI°ZI(IZ°2OOIILEII_oEOO),L3t|2,ZOU),_tE),

[U(2.2001°U_IEIEO_)eU_(_+_OOI.U3iZe_0OI.U_(EI_ZOiZ+_O),S(_IEO0]I

ZS_tZIEO01,SZIEIZ00)°F(212D_IIFSi_°2_0),FD_,R0_)oFI(Z)._i_+Z00).

_SMAX(ZI_XMIIE)°XCIIE)IO_EGAIIE)°FE4_2,)O1,XKT42),NFS(_)IX_S|{2)*

5X_S_t21+XFSI2°20)oDSt2°2_I,XDSI2_*X_OSI2I+NGSI2)°XG(2°501°XGSIZI°
6DG(EtSOIoXXGSIE),XA(|ZI,X_I_25°XCA_|2),XKB{IZ},SC_2_,pC|f12),

BXMC_[_2+IZ}+XCC(12°|_IIXCC2_I2,121,XKC(Z2,1ZI,XKCZt|21_21°DfISUI°

OIMENSION ZINtlE)sZ]INIIZ)+Z21NtlE)*Z31NI|Z)+_IN(2)IU|INIZ].

IUZINfZI.U_INIEt°SIN(21,S|IN_Z),SZ|N(21,_INNZ)oZOINIZI+FSIN{2)+

2FSTIN42))FDIN_2),X_CIII|2°lE),X.MC21(IZ.|2),XmC31(1Z)|2]I

3XMC_III_°_21°XXKT(_I

COMMON _oZI°Z?,Z3°Z_°U+UhU_,U3_U_IZ0°S_SI,S_,O,F,FS,FOIF_°XL°KJ,

|FST,THETAeDELTA°VIXST°SM_°XH$woXC,OMEOA,FE,XKT,NF_IXK_I+XK_°X_S+

2DS°XOS°XXD$,NGS,XG,DG,XOS_XXGS°XA,_B°XCA,XKB.SC,PC_PCI,_EC,XMC|I

}XM_*X_C_.XMC_IXCCIxCCZ°XKC*X_CE,DI_N[,O|°OS.MPoLP_LPP°_p°KPPIJ_,

_PL°ITI,KPI,N_ODE,NPT,NM,XLAMD_,XL|I,XLIE,XL_|,XLZ_,NF_I*NF_2,

_NFSII,N_SZ|+NGSI+NGSZ°NGSI|,NGS_|,NT°KK,KKK,M°MI°_L.KZZ°j°JI,KVI

6KVV,KX_K_I,_XE,IT,IL+I°N_*J_,JXX°G°XFC_K_,_DDI_WI_WW°ZS_,UST,XNC+

7ZIN*ZIIN,ZEIN,Z_IN°UIN,UIIN,UEIN,U31N+SIN,SIINISZIN,FIN°ZOIN,

_FSIN.FSTINIFDIN+XMC_I°XWCEItX_C31°_C_I,XX_T_FSST|IF_T2

IF(FSTINtKII|O|°_O|°_O0

|_| XXKT(KI_O.O

|oo CONTINUE

C&LL CK2

DOSI K'II2

ZO(K,J|I*ZOIN(K)

_1 SC{KI-0o0

DO _2 K=_.N_OOE

5_ SCCKII-XLII,JI_FEfKI3I-XL(2,J|)eFE(K_)
1-FEIK°I)e4XXKT(I_e(ZSTll)+DELTa(I.J|I-ZO(L,JI))-W¢ll)

Z-FEIK,2)_iXXKT(2IeIZSTIZ)+DELTA(Z.JII-ZOIZ,J_))-W(21]

3+FE_°_FSS_I+FE_K°2}_FSST2

D054 K=I,NNOOE

XCAIK)=O,0
XKB(K)'O.0

DOS_ KIII+N_OOE

XCAIK_-XCC_(KIK_)eXAIK|)+XC_(KI

5_ XKBI{)=XKCZ(K,KIteXBIKI)*XKB(KI

bO_ K=I,N,"OOE
PCIIK)'SCtK)*XCA(K)-XKB(K)

DOfOK "IINMODE

DO 6O KI-I,NNODE

60 Z K,J1}'XECZ(K,K_+PCI_K1)*Z_IK,J|)

56 Z3IK,JII=Z_IK,JI)

00_7 K'_°NMODE

5? Z|(K°JI)iXAIKlefDTNI)/2.0)_ZEtK,J|)
00_9 K'I,2

_MPJ,ITI,KPI,NMODEeNPTeNM,XLA_DA.KL||,XLJE,XLE|°XL22°NFSI°NFSE,

6_VV,_X,_XI,_XE,II,IL.I.NX,JX,JXX,G°XFCE,KD,_DD,_W,_*.°Z_T,J_I,xMC,

7ZtN.Z_tN°ZE]N,L_IN,UIN,UIlN,UZ|_,U31N,SIN,SIINoSZlN,F£N,ZOIN,

SF_.FS_IN,FDIN,XMCII,XMC_I,X_C31°X_C_I,XXKT°_,|,_T2

_I XXKT(KI=0,C

ZOO CONTINUE

LPP-2

KZ-_Z

_ZZ-KZZ

_=_Z

_rK=KZ

X_S|{_ZZI=XXmT_ZZ)

CALL CK_

ZOtKZZ°JI_=ZOIN(KZZI

I-XX_Tt_Z_'_ZST_KZI*DELIA_K_.JI)_

_0 SCI_'-XL<|,J|)*EEIK,9)-XL(2,J_I'FE(_,_

I-r_(_,_Z_*(F(KZ,JI++XKS|(KZ;*XST:_ZI÷XKSZ<_r_

3+EE_,|_*FSSll÷FE_K,Z}"ESST2

XCALXI,0.O

X_B(_;'O.0

DOS_ _l-|,NmOOE

XC_IK+-XCC_K,_X_*XA<KI)+XCAIK)

5_ _KBtK)-X_ClK,KI_,XB_KI)+XKBIK)

PCI{K?.SCIK)-XCA_K)-X_B£K}

l_O DO IO_ _.|,NMODE

DO t_E K|-_,N_ODE

|0_ XMCIK°_|)-X_C3_K,K|I

GO TO I07

I0! O0 _06 K,I,_MOOE

CO 106 K|-I,NmODE

|06 XMC(K,_|_-XMC_t_,_|)

I07 DO S0 K,|,N_ODE

OO 60 _|-|,NMODE

60 XFC_K,_II'WME_K,K|_+(OT(II/2°O}IXCCI_,KI)+((DI_II*+ZlIS._)'X_C_K,_

11)

CALL SOLEOUIXEC,NmOOE,_CI,|)

IF(xrc}e1,$h82

_2 PRINT _

03 EO_MArlz|MXEC GREATER THAN ZERO_

• CAL_ EXIT

0| DO _6 _.|,NMODE

ZZ(_*JII'PC_(_)

Z_(K,JI)-ZZ_K,J|)

Z(_,JL)-W_IX)÷((D_I_**2)/2,0_'ZZ_K,JII

_6 ZlI_,JI_-XA(_+(DTtII/2*O_'LE(K,J|)

_l_+JX).0.O

_|IK,JI),O.O

i00



uZIKoJ1)=o.8

DO58 KI'_NMODE

U_(KtJ_)'UI(K,JI)÷ZlIKI,JI_OF_(KI,_

_e UZ_K,JII'UB(K,JI_÷ZB(_I,JI_'_E(_I,_

Z(_ZZ,JI_'U(KZZ,JII-ZO_KZZ,JI)

Zlq_ZZ,JI}'_IIKZZ,JI_

ZOIKZ,JI)=U(KZ_JI_-Z(_Z,JI_

DO59 K-_,2

U_(K,JL}-UZC_°JI_

S_K,JII=ZOI_,J_I_XST(_

SI_K,JI}=UI4_°Ull-ZI(K,JI_

SB_K,JII'UB_,JII-Z_(K,J})

_9 _SI_.JI}'XX_T_)_(ZST(K)÷ZIK,JI_÷DELTAIK,J_I)

Ir(_Z,J1}))08.)00,)01

GOTO _08

_01 rSI_Z,JII-X_S_Z_'_I_Z,JI_÷XKSBr_Z_

3O2 FS(_ZZ,JI_=FSIN(_ZZ_

GG.GI(KZ_

FD(KZZ,JI_=O,8

F(_ZZ,JI).XM(_ZZ_*ZB_ZZ.JI)-W(_ZZ_-FS(KZZ,JII÷FSrI_ZZ,JI_

_ZZ,JI_.r(_ZZ,JI_+FS_KZZ,JI)

XL_I°JI)-_X_II-XL_2*_THErAII,J_)*Z_,JI)))mVIJI_2

XL(_.J_.(XL_I÷XL22*ITHErA(2.jII*Z(4,jI_)_mWjI_._

IF(LP-_}_I*20,ZI

_0 PRINT 70,MI

PRINT _I

71FORMATq6X?HSU8 C}_)

PRINT a0

80 FORMAT19_ KP_=,I_)

¢_LL P_I

21 RETURN

END

*+÷÷÷+*÷++**÷**++**÷+÷÷_**

÷ SUBROUTINE PRI +

C PRINT THE DAMPING AND STiFFNFSS MATRICES AND TME RESPONbE

C OBTAINED FRO_ EITHER ONE OF THE SUBROUIINES [I OR (Z OR C]i

• LABEL

FORTRAN

• LIST

CPR}

SUBROUTINE P_I

OIMENSION Z(12,2001,ZI(12,Z001)ZZ(12)2001,2_(12,2881,L_21)

IU(2)200),UI(2,200),UBIB,28O))U312)208),U_(2),ZO(2*2OBI,S(2*2OO},

ZSIIZ,2_O)+S2(2,2_01,_2,2OOI)FSIZ,Z00),FD(Z)ZOOI,FI(B))O(2)ZOO),
3FSTIB,ZO01,XL(2,20OI, H[TAI2P280),O[LTAIB,208)_VIB001,XSTIBl_WI_lm

gSM&XIBl,IMIIB},XCllBI,O@'IEGAIIBImE[IIB,IO),XKTlBl,NF_l_I,XKBI(_),

_XKSB12},I[SlB,20),_S(ImIBIiXDBI_l,XI_SiBl,NGB(2),X_(Bm}OI,XGS(_},

6OGIB.5OI.XXGS(BI,XA(12I,XBIlBI.X(IIIBI*IKBIIBlmBCIlBI,PCI(121,

7PCIIBl,XFCIIB,I/l,X_C_(12,|ZI_XMCIIIB,I_'_I,X_CB(I_,IBl,XMC_(I_,l_I,

8_MC_(12,IBI,XCC¢|Z,IZI*XCC_(12,12)*XKCI_2,1Z),XKCBIIBmIBJ,DT(_O),
9NI(_O_.GIIBI.GB_B).UST(2).ZST(2)*XMC_I_.IZI

3XMC_I(12.12_.XX_T{BI

2DS.XDS.XXDS.NGSoXG.BG.XGb.XA_._A.X_o_CA.X_._(.PC._C_.X_C._Cl.

EFS_N.FSrIN._IN.X_C_I.XM_I._MC_I._,L_I._^KT
IF{LPP-|)80._I._0

88 PRINT 72
72 FORM_rI_H XCC_

CALL PRINr_IXCC.N_ODE.NMODE.|2]

PRINT 7_

_3 _OR_AT_BM X_C_
CALL PR_N_M(X_C.NMO_E.N_ODE.12_

_ FORMAI_6X_HSC .11X)_XOA.IIX)MXKB.I|X_HPC .IIX)HZ .I|X3_Z| .

7_ F0_AT(BEI_.6)

P_INT 7_

7_ FO_M_I6X_HU .||X_Ul °11X]HU_ ._IX_ZO .IIX_MFST.klX3HF8 .
IIIX3HF_ ._IXI_F

79 P_I_T _.U(K.JI_.U|(K.JII°UB(K.J|).ZOI_°J|t*F_rI_.JI_._BI_.JI).

RETURN

END

÷ SUBROUTINE CA1 +

÷.+.÷++._++**°++++++.°+÷++

c RE(¢_LETE RESPONSE I_ &TRO_E VELOCITY CHA_GES SIGN

_ LA_FL
FORTRAN

• LIST

CCA!

SUBROUTINE ¢A1

91MENSIO_ E(l_,2_O),Zl_I2,2CO_,ZSE12,2_I,Z)(12,2OO),Z_I2_,
_U(2,_C_°UI_o20_l,U2(2,20_),U_(2°200I,U412I,ZO_2,200),S(2o_801,

2S|{2,Z0_I,SZ(Z,2CO)°_(_,2_),rS_2,200_,_O(Z,ZSOI,rl12),_(2,200},

_F_T(2,200_,_L(2,ZC0).THET_(2,280_,DELI_(2,_80_.V(_80_,XSI_Z_,Wf)I,

)XMC_Til;,_2),XX¢T(B)

DO| _'I,2

OO2 _._,N_ODE

Z_(K,J|)-O._

OObK.l,2

U3(K,JI)-0.0

OO_KX=I,NPOOE

6 U3(K*JI),U)(K,JI_+Z_(KI,JI}*FE(_I,K)

I_LP-I_21,20,21

PRINT11

|1FORMAT(BXT_SUB CAI_

PRINT 16

|6 _Oe_AT(_XB_S(,12XBHZ_)

OO17 _,I°N_O_E

|8 rORMAT_I_*BI

PRINT 12

12 _ORMA_(BX_HU_,IIXBH _

DO 13 K-I°Z

2| RETUR_

END

• L'BEt

• FORTnA_

_CA_ ) LIST

SUBROUTINE EAT)

OIMENSION 2(12,2C01,Z1_12.2_0),Z2(1_._0_,Z_{12.2,00}oZ_(2_.

]U(Z°2_3},UI(Z,2J?I,IJZiZo2q_),J)IZ,21_),U_4_,ZCm{Z,Z_OtoSWZ.Zgn),

WS_AX(Z),_{IZi°RC(IB),OMBGAIIZ),F_(]2,1_},XKT(_),_F_(2),XKSI(2),

2_STIN(2_,F_IN_?I,X_CI[(12,12),X_C;I{I?°IZI°XMC_I(12,1_,

_VV-KVV

)000 )_ K,I°N_OOF

)2 XMC(K,KII=X_C_IIK,_I_

_0 TO _0

_1 80 _ K-I,N_ODE

DO _) _I'I,N_ODE

S¢(KVVi-WIKVVI*FS(_VV,JI_÷_D{_VV,JII+_KVV,JI_-FSr_KVV,JII

DO ! K-_,_O_

3_EIK,|_FSSI|+F_(_,2)*rSS72

OO_K-I,NMOOE

DO_KI-I*NMBDE

r{KV,JI_=XM(_V_*Z_I_V°JI_-^'(_V}-FS[KV,JI)+_$T_KV,JI_

_06K=1,2

U3(K,J|_-8.8

6 U3(K,JI_=U3IK*JII+Z_(KI*JI_'FEOK|,_I

|rILP-|)B|,20,8|

I0 _O_MATIgW _|',I_)

PRINT||

I£ FORMATIBXBHSU8 ¢_23_

PRINT 2_,KD

2_ FORMAT(9_ KD*,I0)

PRINT 16

18 _OB_AT{8_BHBC,IZ_ZHZ_}

_017 K,IoN_ODE

I_ P_I_T IB,SC_K),Z_IK°J|)

18 FOR_ATI)EI_.6}

PRINT 12

12 FORMATIBXBHU).I_XBH F_

i01



OO 1_ ¢-],Z

_ PRINT|BmUSIK,J_)mFIKpJ|)

21 RETURN
END

¢+_+**¢+++*+++++++++++***

+ SUBROUTINE EL *

+++++,+++++++++÷*÷*÷+÷**÷

C TEST WHETMER STROKE VELOCITY HAS CHANGED SIGN

• LABEL
• FORTRAN

• LIST

CBI

SUBROUTINE BZ

DIMENSION ZIZ2,2OOI,Z%¢I2P20011Z2(12,2OOI*ZS(12t200)*Z4(2),
|U{2_20C),UII2,200).U2(Zt200},USI2*200)*U_(21*ZOI2B200)*St2_2001*

2SZ(2*20C)mS212*20O),F(2*203t*FS(2*200)tFD(2*200)*FI(2)*O(2*2OOIt

3FSTI2tZOO)*XL(2*2OOI*THETAI2*ZCO)*OELTA(2,2001DV(200)eXST(2)_WI_I'

4$M&XIZItXMIlZ)*XC(|21pOMEGJlI2)_FEII2*|0IDX_TI21*NFS(2I_XKS|(21*

SXKS212}*XFS(2w20),DS(2m201*XDSt2_,XXDSIZI,NGS(2)*XG(2*SOI*X_S(Z}t
bDGI2*_O),XXGS(2),XA[12_XB(12)*XCA(IZ)mXKBIL2)JSC(12),PC](12)P

7PCI£2).XEC(12_121.XFC2tI2_I2)*XMCI(12.IZ).XWCZ(12_Z2)DXMCS(IZplZI_

BKMC41I2_I21*XCCl12*I21.XCg2112.12).X_CII2.I2)*X_C2tI2*I2)*DTIS01B

9N|ISO).GII2ltGSI2I._STI2I_STI_I.X_EII_*|2)

DIMENSION ZINI_2},ZlZN(I_l_Z_INl12),ZSINl121,_IN12)*UllN(2)_
1U21NI2I.USINI2lmSINI2I.$1INI2)*S21NI2ltFINI2I*ZOINI2)*FSIN(21_

2FSTINI_ImFOINI2),MMClIl12,t2)*X_C2IlI2*IZl,XMC_1112*l_),

_XNC_II_2,_2),XXKT(21

COMMON Z,LI,Z2,Z_,Z_,O,UI,U_,U3,_,ZO,S,SI,S2,Q*F*FS,EO,FI,XL,_J,
IFSTmTHETAeGELTA,VtXST.$MAX,X_,'*,XC*O_EGA,FE.X_T*NF$,X_SI*XK$2,XFS*

2DS,XDStXX_S,NGS,XG,_G,x_StXXGS*XA,X_,XCA,XKB,$C,_C,PCI*XFCtXMCI_

)xNC_.xMCl*XNCk_XCC_XCC2.XKC*XKC_t_T_NI_mG_mMP.LP.LPPI_Rt_PPIJP.

_NPI ITI.KP_.N_OOE.NP1.NM*XLA_DAtXLlhXLt2.XL_I.KL22.NFS|*NF$_.

SNFSLI_NFS21,NGSI*NGS2*NGSII*NGS21,NT*KK.KKK*_*_I,KZ,KZZ,J,J|,IV*

6Kyv,Klm_lltKX2,1TIIL,I,NX,JW,JXX,G,XFC2tK_,KOD,KW,_WW_ZST,UST,X_(*
7ZIN,ZIIN,Z21N,ZSIN*UIN,UIIN*U21N,USIN,SIN,StlN,S21N,FIN_ZOIN,

SF$1N,FSTIN,FDIN,XMCII,X_C21*KMCSI,XMC_I,XXKT*FSSTI*FSST2

IFILP-I)2OS*209.205

209 PRINT 201

201FOR_ATI6X6HSU_ Bl]

_08 IFIU4il)-Z4llll20*10.t0

10 IFlU412)-Z_(211_0,200*203

200 IFl_P-I)207_206,207

20_ PRINT 20_.M|

2O) _ORM_T(gH _t=.IS)

PRINT 202

202 FOR_AT(bK_HEX]TI
207 GOTOl0O

• 0 ZltZoJl_-O1(ZoJl)

FOI2°JI)=0*O

• 05 PRINT 20_

204 FORNATI_XSHZ_2._0X_H_Z)
PRINT 203*Z[12.J_I*Ul(2*JII

2OS FORmATIVElY*b}
_O_ KV,2

KVV'I

CALL C,23

KX-2
111 IF(F(KX.JII-FI(KX))I20.|10.ILO
110 F(KX.JII=FIlKX)

S OOIK.I,Z

O(K,JII.FSIKoJI}+F(K,JZI+FDIK_JI)

i ZS(K*JIIIIWIK)÷Q(K,J1)-FSTIKmJZ))/X_(KI

DOS_.3,NUODE

3 SCIRI--XL(ImJI)eFE(K*31-XLI2_JII_FE(K*_I

I-FE(KmlI*_IL,JI)-FE(K,2)eOIZmJ1)

2•FE(K,II*FSSTI_FE(K,2)*FSST2
3-XC(KIeZIIK.JI)-XM(K)e0)4EGAIK)m*2mZ(K.JII

DO 5 _-3,N_OOE

ZS(K*JII'SCIK_/X_K_

00_¢=t,2

USIKmJ1}m0,O

DO6 XI=).N,OOE

6 U)[K*JII=U3I_*JII+Z3(KL_Jt)eFE(KI,KI

IFILP-lI31*S0_31

SO PRINT 32mMl

32 FORMATIgH MI'*IS)

PR%NT )]

33 FORMATI6XbHSU8 x81
PRINT 34

S& FORMATI6X2HZ)I

DO _3 K=_oN_ODE

_5 PRINT 2OSmZ3(KoJII

PRINT _6
3S FOR_ATIbXZHF *_IXZHUS}

DO)TK'I,2

37 PRINT 2_5oF(K_JII*USIK_JI)

31GOTOI00

120 IFIF(KX,JI)¢FI(KX))I_O,IOO,IOO

130 FIKX*JI)=-FltKXI
GOTO8

FO(l,Jl_-0,0

IFILP-I)_06,_07*_0_

b07 PRINT _4

PRINT 205,ZItI,J|I.UI(I,J_)

_0S IFtU*(2)-ZW(2tt60,50*50

30 KV=l

KVV=2

KO-2

CALL C_ZS

KX=I
GOTO1]l

60 Z_I2IJI)=U][2_JI)

FDI2oJI)=O.O

IF(LP-I)_OR_09taOR

• 09 PRINT 204
PRINT 20_*Zl(2*Jl).Uli2*Jl)

_OR CaLL Cal

CALL XA3

I00 R_VURN

EN0

102

SUBROUTINE 623 +

C TEST WHETHER STROKE VELOCITY _k5 CHANGED SIGN

• LABEL

• FORTRAN

• LIST

CB2$
SUBROUTINE B2_

DIMENSION Z(I2,2001,ZlllZ,2001*Z2(12,2001*23{12,2001mZkIE)o

IUIZ,2OO)IUII2,2OCI*U2[2*20OI*US(2e200)*U_I21tZOI2t2OOIeSI2*2OOIt
Z |(2,200),S2(2,200}tF[Zm2_Ot,FS(2°2OOt*FD(2,200)*FII2)mOI2_2OO)t

3 ST(2,2OO),XL(2,2001mTHETkI2*EOO)*OELTAIZ*Z001,VI2001,XST(2)*W(SI*
i_MAX12hXM/121_XCI_2),OMEGAlI21,FEII2*IO).XKT12J,NF$12)*_KSl121*

_XIS2121tXFSI2.2_I_DSI2_20loXDSI21_XXDSI2I.NGSI2I.I_12*_0)tX_SI2lm

BDGI2tSOltXXGSI2),X&II_),XB(12I*xc/I|21,XKDI|2I_B_II2_IPCI(121*

TPCII2I,XFCII2e_)°KFC2I_2*I21*XNC_IL2,_2_°XNCII_2°_I)*_C_(12,12}o
8XMC4[I2.12]°XCCI_2.12).XCC2{I2m|2)_XKCl12°I2)tXKC2112*I21.DTIS0)o

9Nl150)*G|q2),GS12)*UST121*ZSII21mX_(II2_2)
DIMENSION ZINII2I,ZI[N¢121,Z21NI|2I°2TINII2)*UI_I_I.U|INI2)_

IU2INI2)°USIN(2ltSINI21.SIINI2I.S2INI2I.FINI2)'2OINilhF$IN(2)_

2FSTIN12)°F_IN12).XMCllI|2*I2)*l_C211I2°121*XNCSlI_Z_I2)_

_X_C4ZlI2°_2llNIKT(2}
CO_ON 2,ZI,Z2,2S*Z4mU*Ut*U2,U3*_,ZO,S*$1*S2tOtF,F$,FO,F|,XL,KJ°

IFSr,THETA,GELTA_VeXST,_MAX,X;4,WtXC,_GA*FE,X_TtNF$_XK$1mXKS2oXF$,

2DSmXDS*XXDSeNGS,XG*DGtXaS*IXGS_IA*IB,ICAtXK_mSC,PCtPCItXEE°I_CI*

SXMC2.XMCS.XMCq_XC_IXCC2tXKC.XlC2°GToNI.G|oGS°_tLPtLPPt_P.KP_tJO°
_NpI_IT[_KP|.NMOOE.NPT*N_mXLAMOA*IL|1*ILI2_X_21°XL22tNFS_.NFS2.

3NF$1I,NFS21,NGSI,NGS2oNGSII°NGS21,NT,KK*IKI°_._I,KI,KZZ,JoJIoKV_

6KVV,KX,KXI,KX2IIT*IL,[,NXtJItJXX,G,X_C2,KDtKOD_K_K_ZSTIUST,XM(_

7ZINmZIIN,Z21N,ZSIN,UIN,UIIN°U2IN,U31NtSINoSIIN*S21NoFIN,ZOINo

tFSINeFSTIN,FDIN,XMCII_XHC21tlMC3J,X_C_ItXXKT_FSST|,FSST2

KX_uKII

1FlLpmlI2OB_209t208
209 PRINT 201

201 rORMATI6X_S'JB _21_

P_INT 220,KOD

220 FORM_TI9H KOO'_I_)

20S IFI_llXII-2_IKXI))20,10,IO

I0 [FIKXI-II_00,g0;*401
400 rx.2

GOTOlll

Ill IF¢F(KX.JII-FI{_)}120.110.1[O

110 _(KXmJII'FItKX)

8 DOIK'I.2

O(K.jII=FS[K.JLi+F(K.JII+FOI_.JI)

1 Z3(&,JII-IWIK_OiKmJ) I-FSTIK,JI)I/KM(¢)

DO}_.),N_OOE

3 SC(KI'-XLII,_I)'FEt_,)I-XLI2*JII•FE(_'_I

-FE(K,IimQII,JI)-FE(K,ZIeQI2oJI;
2-XCIKleZI(K*JII-XM(KleO_EGAIK)mm2mz(K,J]I

S+FEIK,II•FSSTI*FE(_,ZIerSST2

DOSK-)oN_ODE

3 Z31_,JI)-SC(_)/XM(_}

DO6K=I,2

USIK,JIt=0,0

DO6 KI-],N'ODE _e,

6 U)I_.Jlt'US(K,JII+Z)IKI°JI}+FE(_I'KI

IF(_P-I)SI.SO.SI

)0 PRINT 3Z.wI

$2 FORMAT(9H MI=°15)

PRINT }S

3) FONMAT(SXSHSUB XB_

_RINT S_

_4 rOR_T(_X?HE31

DO 3_ _=I.NWOOE

3S PRINT 20_.Z3_K.JI)

PRIN_ 36

_S FOR_AIE6X2HF .IIXZMU_)

DO3?K-I.?

3T PRINT 20_*FI_.JII.U3_.JII

20_ _ORMAI(_EI_.61

)l GOTO]00

120 I_(F(_X.JI_+Ft(_X))IS0oI00._00

l_0 F(KX.JI)o-_ItKX)

GOT08

2O 211_X_.JII-UIIKXl.Jll

F_EKX_kJII-0.0

I_(LP-I122.21.22

21 IF(KXZ-I}2_.2).2_

23 PRINT )0_

30_ FORMATI6X_HZII*I0XSMUIII

PRINT 20_*21(1*Jl).Ulll.J1}

GDTO 22

2_ PRINT SOS

S03 FDRMAT(6X3HZI2.10XSMUL21

PRINT Z0S.ZI(2.JlhUII2.JI)

22 IFTEIKXZ*JI)-FI(KX21_O*?O.70

?_ FIKX2.JII'FI(KX21

7_ IF(KX2-1)TI.?I.?2

7! _V*2

KVV-I

K0-t

ALL
X*2 CA2S

GOTOlll

72 KV-I

KVV=2

KO-2

CALL Ca23

?3 _X=I
GOTOlll

_0 IFIFI_X2*JII+FII_X21150*60,60

3O FI_X2*¢I)'-FIIKX21

GOTO74 ¸

SO CaLL ¢A1
(ALL XA_

100 RETURN

ENO

++•+÷÷÷+++++++++++++_+••++

+ SUBROUTINE XA3 +

÷÷÷÷•++++•+•÷*+++_+_++÷+++

C TEST _THER COULOMB RRICTION EOREE MAS [xC_EDED ITS LIMITING V_u[

LRDEL

• LIST



EXA)

SUBROUTINE xA)
DINEN$10N Z_lZtZOO)tZtf12*EO0)*ZE;12,200P,Z)llE,20Ol,Zk121*

IUIE,20OI*U)IE*20OIPUEIE,200),U3_2*200_,U_oZOtE,EOOI,SK_.2OOI,

2$1(2,EDO),BE(E,EOOI_PlE,200_,FSIE*200J,FD_2,_OO3,FIIEI,DIE,200),

4SNAX_)*RM_I2I,XCtlE_,UMEGAIIE),_EIIE*10)*XCT_EI*_FS(2_,XRSLIE),

5XKEZIEI*XRSIE.20).DE¢2,ED_,XDSIE_,XXDSC_°_GS_2)*XG(_,SOI,XG$(EI,

SDGIE,50_XXGS(Z),XA_IE)*XB(12)*XCAIIEI°XK_IE_,SCIIE_*PCI_IEI*
7PCII_)*XRCIIE,12)*XFCEC)2,121,XMCLI_E,12)_XMC_I12,12),XMC)_IE*IEI*

BXMC_II_,IE),XCCIIE,12_,XCCE[IE,I_IbX_C(LE,12)*_¢CE(lZ*12_,OT(_O),,
PNII_O),DIIE_,D$1Z)*U$T_EI,ZSII2_,X_C_IZ,IEI

DINENSlOR ZlNIIE)*ZIINCI_,ZZINIIEItZ_INIIZ),U[_(_),UIINIE)°

IUEIN_EI,U)INIEI,S_N(Z_*EII_2)*SE_21,RINIE)oZOINIZ),FSI_(2_*
ZRSTINIEI_FDINIEIDXMCLI_I_,I_),XMCEI(12,LZl,X_C31(_2*LE_,

CO_MON E,EI,ZE°I_.Z_,Uo_I,UZ,U_°_,ZO*SoSI*SE*Q,F*RS.FD*FI,XL*_*

1EST,fMETA,DE_TA,V,XST,SMAX,XM._,XC,C_E_A*_E°X_T.NRS,X_SI,XKS2,XFS*

2DS,XD$,XXDS,_S,XD,DG*XDS*XX_S_XA,XB,XCa,X_B,SC_PC*PCI*XFC*XMCI*
)X_EE,X_C3*XMC_,XCC,XCC_,XKC,X_CZ,O_*_I,_I*DS,MP*LP,LPP,_P,KPP,JP,

4MPI,ITl,RPI,_OOE*NPT*_M,X_A_DS*XLlI*XLIE,XLEI,XL22*_FSI,NES_*

5_R$11*_FS21,_GEI,_SE*_GSIL*_DSEl*NT°K_*_K_*M,MI,_Z*_ZZ,J,Jl*KV,

|FSI_FSTI_,EDI_*X_CII,XMCEI*XNC_I,XMC_Z°XX_T,FSS_I,FSST_

PRINT )O0

)00 ;ORMATIDX?MSUB xi_

_;IF(I,JII-_III_)60°10,IO
10 l_l_lZ*Jll-rl_21_TO*20*20

Z0 DOll K-lt_

DIK,_I).FS(K_I)*E(K,JII÷ED_R,JL)

DO)K,_,NMODE

)-FEIK,I)*Qll,JL_-_E_K,2_*OIEtJI]

)+R(I_,I)*RSSTI*FEIK,Z)_SS_

5 Z3_oJII*SCIKI/XMI_)

006K-1,2

U3_*JI_o0,O
OOR KI-I,_MODE

lPlLP-I_)I,)O,31

30 PRINT 3_*_1

Pm[_T )3
)) FOflM_?_SX6HSUB. XB_

PRINT _4

_* FDRMa_(SXZHZ3)

DO _ KoI,N_OOE

35 _RI_T _OS_Z_KtJLI
PRINT _6

)6 FORMAEIDX_F ,IIxEMu3I

_T _RINT 20$,rIK,JII_U3IK*J1)
)1 DOTO_O0

**e***e*He*****eee*eeee*e***le

C THE PROGRAN PLOTXT PLOTS DI6PLACENENTeVELOC;TT,ACCELERATION OF

c TME AIRPLANE I_¢LUOI_G THOSE AT TME PiLOt LOCATIO_t

• LABEL

• FORTRAN

• LIST

CPLOTIY

DIMENSION N1(SOleDT(_UI_NIL_),_IL_*,bU)*V(;_*,_U_eUlelt_e_e

IY_XIStGI,NYAXIS(b)_P_ODEII_I.NOUEILD)*_t$1eN_t)_tAL_LII|I_
ELABL(I_)*FE(I_)*VPP(EOO),UPRIEDU).I_IL_)e|_(I_U)

(QUIVALENCE(NYAXIS,YAXISI_INA.AI,I_OO_ePkSOU¢)et&_A_L*LAULI

IO1 FOR_AT_12_6)
99 FOR_aT(S_1_.S)

lOG _OR_AT(I_I_

LR6 FQR_&TCFD._,FS,_I

C READ _N DAT_

READ iOO, LID

kll-O
REWlNO 6

RE_IND 7

RE_|ND 1

TO_ READ TAPE T_NC_NCC*JP,NPI_NT*N_ODE
READ TAPE T_INIlKI_K=|_NT)

READ TAPE TeIDTIKItK-_TI

PRINT 200,NC

EO0 FOB_ATiTH RUN_AYtI_

PRINT 2DI,_CC

20_ FOANAT(RH A|RPLANE*ISI
PRINT _t_Po_PloNTo_ODE

E_E POB_ATI|O|T)

PRINT IDO,K_K_*LP_L_P*LL*LG_K7

READ 99,1FE_NK),NK-1,N_ODEI
PRINT 99*IFE(NK),NK.I*NNOD(I

READ 99tYHAX,XSCALE

YN_N--Y_AX

SCALE*Y_kX/_*O

PRINT 991THAX_XSCALE,SCALE

_RITE OUTPUT TAPE I*I95*SCALE*XSCALE

REWIND 1
READ INPUT TAPE l,lOl,D(5),_S)

REWIND I

PRINT lOl*_(_9,C(EI

B_2_'6HALE

BI_ImS_CM -

8¢61"SHL_CH_S

D(Tt-7_ x

B(_).0H
YSC'EH/ DEC

C(I).S_I_2HSC

C(E)ISHALE x

C())-6H I 1_

CIA)m6HCH •

CI6)BSHSE_ONO
YAXIS(_)ebHDISPLA

T0 ZF(FI2*JII+F|i2))40*_0,5O

k0 FIL,JLI-r_II

_OTOB

_o F¢I,JII-;I(II

GOTO8

6O I;IF(_,JI_*FII1))I_O,O0,EO

gO F(L,_I).~_I(I_

FIE,JI),EI(2_

_OTO8

)O0 IFIFIZ,_I_+FI(2_)IOI,lOE,IO2

10] DO¢PK,I,Z
99 _¢,JII.-FL(_I

DOTOB

102 P_ltJll--_l(l)

DOTOB
8O 1_l_2,JlI-FllE)_120ollOollO

110 _(_*JII-FL(Z)

DOTOB

130 F¢|,J1)--_1(Zl
DOTOB

40O r_ILP-))Z00,_O_,200

PRINT _02
4O2 FORMAE(DXA_EXIT)

205 EOBMA_I)EIA,6_

20O RETURN

EN0

52

5)

51

6_

61

6E

IL

YAXISI2)u6HCE_E_T

_kXI$1?I-S_VELO_I
YAXlSI41-EHTY

_AXISIS_*SHACCELE

TAXISIS)'SHRATIO_

SPECIFY WHICM CURVE(OR CURVESI IS TO BE PLO_I(D
BEAD IOI,IALASL(II,[-E,13I

PRINT IOI*IALABLIIhI'2,1_)

ALABL¢I_,4HIT_

D021"1,5o2

IFINYAXlSII_-LABL(211Eo)pE

CONtinUE

IFII-_)51*52°SS
BITI-YSC

DOTO_l

DITI'YSC

B_B)-YSC
CO_;I_UE

_-O.O
CG"I

KKG'O

NG,NI(1)*I

NKG'I

XN_G-_K_

IR_PI-_GISl*61*62

T-DT(KG)*IXMPl-XNRGI+T

GOTO E!

XNI"NIlKD)
T-DTIKD_eXNI_E

CG*_G+l

KKD'¢RD+L

X_KD,N_G
DOTO 63

XEITtKSCALE

X_mXE+4.0

CALL GRAPH(XM*ID*O*O°O_

CALL FRAMEII.O*I,OI

CALL _L_IO*O,LO.O,4.O,O*OI
CALL XLRI*°O_XNpS°O,I°OI

CALL LT_(O*_*2*O_I*I*ALABLI

CA_L LTR(O*_*2,0,1*I,C)

CALL LTR(O°T_,2*O,I*I,SI
P_ODEIIIeSHMODE L

RMODEIE)'SMNOD(
PNOOE())'6H_ODE _

PNODEIS)-SH_OD( 5

RMOOEI6Ie6H_OD[ _PNOOE(TI-SH_OO[

PNODEIEI*SH_OOE l

PNDOEIIOI,SHNOOEI0

PMODEIL_-S_OEII

PNODEILEI,S_OOEI2

P_0DEII_I*SH_0DEI_
RN00[II_I-SH_'_0EI4

RMODEIISI-SH_ODEL5

_o3



70 Lll=Lll+l

IF(LII-LIO)7OO°7OI*70C

700 REWIND 7

E_D rlt£

END FILE 6

70I ¢_Lt NDPLOT

E_ FIL£

C_tl R_*U_L_7)

C*tt FXIT

140 V(KMIJImV(KMtJIOFE(_M)
VPP{JI.V(KM°JI+VPP(J)

IF(LL-I_60,_O,60

_1 P_l_T 5_2,UPP(J)

_) _ORMAT(IHI_
IF(I-_60°60,_7C

_70 DO _5_ J'hN2

_4 PRINT _2,VPPEJI

P_OT CURVES

6O O0 _B 11"1°_!
IB'_l

CALL ¢URV_(18°LG.O.O,-4.0,XE,-_°O,_oO,I_

X-T1/XSCALE

_62 CALL PLOTPT(X,U(L,J)/SCALE_

_ CALL _LO_PT(X,V(L,JI/SCALE)
_OrO 3_

_6_ IFICPP-1)_62,_6_,362

_65 CALL P_OTPT(X,UP_tJI/_CALE_

3_ ¢aLC PLOTPT(X,VPP(J_/SCAL£1

GOrO ]_

760 CALL PLOTPT(X,U(LoJ_/SC_LE)

_ I_(UIL,JI-V(L,J))_2,37,_Z
_Z ¢ALC PLOTPT(_,V(L,J_/SCALE_

IFIll-Kl1660,]8o660

660 IFI_XX-I_6_Z,6_,6_2

6_) T6I_XXI-T1-TK(KXX)

_I'T1-TGIKXX_-OT(_Y)
GOTO 38

6_ T_IKXXI-_G(K_X-I)_TK_KXX-11
TGI_XX)-TI-TK(K_)

TloiI-_G_XX)-DT(_Y)

_ CONTINUE

rXX-_XX÷I

I_(NSl30,30o29
29 GO_Ol_
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C TME RROGRA_ PLDrF PLOTS TM[ TIRE FORCES OF tHE AIRPLANE

• FDRTRRN

• LABEL

LESt
CRLOTF

DIMENSION N|ISO)*DT(SO)mBI_IIC(61tMNI2),rGILSO)*TK(2SOI*F$(21*

_FS?(2*_DD)tYAXISI6)*_Y&_ZS(6)sP_CEI21_MFORCEI_)*A(_)*NR(3)_

_ALABL(13)ILABLii3)

EO_ZVRLENCE(NYI_XIS*YAX[S)*(NA,A)t(MFOReEePFORCEIt(ALARLtLABLI
101FORNAT(12A6)

1O0 FORNATIISZ_)

99 FGR_ATt_FI_.6)

REWIND 6

REWINDREWIND

C READ TN DATA

L|I'O

703 READ TAPE 7,_C*NCC*JP*MPI*NT,NMOOE

READ TAPE 7,1N|IKI*K-IgNTI
READ TAPE 7_(DTIK),K,IeNT)

PR|_T ZOO._C

200 FOR_ATfTH RONWAY*I_I

PRINT 201*NCC

20] FOR_AT(gH AIRPLANE,Z_I

PRINT 222)JP*MPI*NT,NMOOE

2ZZ FORM_T(LOi?I
X_P|.MP]

READ |OO.KI,K*LG

PRINT 100*_I,K*LG
READ 99.(FS_I_*].1_21

PRINT 99.(FS(I),I.1*2)

RE_D 99*yMAX,XSCALE
_iN.-Y_AX

SC_LE'_AX/5,_

PRINT 99,yMAX,XSCALE_$CALE

wRzrE OUTPUT T_PE I,]9_,SCALE*XSCALE

REWIND 1

R_D INPUT TAPE I*IOi*_TS),C(_I

REWINO 1

|9_ FOR_AT¢F6*D_F6*_i

PRZNT _Ol_8(E)*CI_I

B(])'6HIAAHSC
B(_I-$HALE V

B(_),6HCH -

e(61,6HPOON_S

B;8),O_

CtLi'6H(32HSC

C{2)'6_ALE

CI6}-6_SECOND

READ 101*IALABL(]I_I*2*13)

PRINT 101,lALABL(II*I'2_13)

ALARLII_-_HIT_

T.U*D

_KG'I

XN[G*N_G

_3 IFlMPI-_G)61,61*6_
6% T.DTIKG)*IX_Pl-XN_G_T

GOTO El

b2 X_I-_II_D)

T.DT_KGI*XNI_T

NG-NG*NII_GI

XR_G-NKG
GOTO 63

Rl XE-T/XSCALE

CRCL G_AaH(XM,lO*_*O°01

CALL _RA_E_°O_I*OI

CAL_ _LNiO*O,10°O,*°O,D*D_

C_LL XLNIR.D.X_,_°D,I*O)
CALL LTRIO.25*E.D,l*1*RLRBL)

CR_L LTRIO*_.2*O,I*I,Cl

CA_L LTRIO°T_,_*O*I,I*BI

_FORCE_1)-6_A]R

_FO_CE_Z_-6_OSE

AI%I-3_(gH

$PECI_Y W_iC_ CURVE _OR CURV[S_ iS TO _E PLOTTED

DO5 J'ltR
READ 10],AIZI*RI3)

DO _ JlmZ,Z

irI_FO_CE_JII°NRi2116,T,$

_ C0NTI_UEMNIJI,J!

AJ-J

XB-0°?_*0°2_*AJ

CALL LTRIXB,),0pI,I,A_

CAL_ CURVE_J,I,0,0*0*O,Xe*0,0,10°0*|)
DD a J2-1,10

V-6.0_(RJ_°I,0)*0,_

ER_L RLOTRT(RStVl

_ CO_TT_EEORT_E

RX-0

t_lJP

TI--OTtl)

KY-I

RZ*NIII)*I

T_I11°D,O

14 _21NS
NSoN$-12

iF(NSI16*16,I_

1_ N2.12

REA_ IN TiRE FORCE RESPONSE FmOe4 TAmE

READ TAPE T,DARR

READ tAPE T,GARe

READ TAPE 7,GARB

RLOT TIRE _ORCE_O_ _O_CES_

PO 3E X1.1,_1

18-11

CACL CURVE_IRpLG,O_O,-_°O,XE,-_oO,_.O°il

L-_NCl]I
DO 3T J.t,_2

M-J+_2*CX

KZ-_Z*NZ_Y)

_O _]oDT_KV)*TI

X-TI/X_CALE

FF._STIL,J_-FSlL_

3? CONTINUE

IFlII-KI_660,_e,660

66O IFI_XX-I)652,6_,_2

653 TGI_XX]-TI*_XX)

TG_KX_).T_-T_I_XX)

_S COnTInUE

_XX.KXX_Z
_X-KX+!

_9 DOTO1_

IFILII-LIO)?OO,TO],TOO
70O REWIND 7

E_D FILE 6

END _ZLE 6

GOTO 70_

TO[ CALL _OPCOT

END r_CE 6

END FILE 6
CALL REfUeL16)

CALL REWU_L_7)

¢ACL EXit

ENO
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****_******H.* **_* egO*ODD

THE PltOGRAM STAT COMPUTES THE PEAKD MEAR AND MEANSQ_JARE OF THE
RESPONSE OF TME AIRPLANE

• FORTRAN

• LABEL

• LIST

CSTAT OIMENSI_ AI$,|Ee2OOI*I(I,20O),C(Ee2OO)eAMIStlZJpAMECSD|EI*

|ARSI3_121,B8415)_SIAEI_IeBMSI3)tDDi$)eMSi3)IDNAXI$)ICOUNTS($*}OOOI*

2CRIEI,CMEI2)DCRSIEIoDC(21 pMCIE),CRAXIEI,COUNTCIE,3OOOIBFEI12)*

$NI(SO}pDTI50)eCST(ZI

C MEAD IN DATA

READ TAPE _, RCeNCCIJRtt')PI,NTP NNODE
READ TAPE t*iR|III*IeZ*NT)

READ TAPE 9,(DT(I]eI-|*NT)

READ 1* LP

READ 2,¢FE(E).Ia),_IODE)

FORRAT(|OIIO!FOR_ATI_FIA*A)

XMRI-_I

READ E*¢CST(_I*_*I,2)

READ 2,(DMAXIKIsK-1,3)

READ 2*(CNRX(KI*_'h2)

READ ZtIDD(KI*Kil*_)
READ 2*(DCIKIeK'I,2I

DO 101 R'1,3

LOl MB(K).IBNAXI_I/DOIK)I÷|,

DO IO2 K-1.2

LDE MC(K)miCMAX(KI/DClK))_|*

C INITIALIZATION
00 T K.]*_

BM(SI-O*O
6ME(KI-O*O

6MSiKI*O*O
DO 6 I'I,_IODE

A_(K*IIIO.D

A_E(M*[I'O*O
6 RMSCR*[)'O*O

MBR-MBIM)

DO 7 [D*L,_BK
T COUNTSIK.KO)I0,D

DO 12 K-I*2

CN(K)*O,O

CMEIS)-O,O

ENStK)-O,O
NCK-MCCK)

DO 12 KO-l,e<:
12 COUNTC(K*KO)'O,O

C MEAD IR RESPONSE OF AIRPLANE FROM TARE

NSaMP_
]2*JR

LA N2iRS
MS-MS-Z2

IFIRS)16_16*lS

19 NEmlZ

16 MEAD TAPE _*IIAIleI*J),JII*NZI*I_R_ODE)

* MEAD TAPE _*IIAIE_|eJ)eJi]*N21t| I|*N_OoE)

READ TAPE 5,GARD

READ TAPE 5*((A¢3lhJI*J*IPNE)_I*I,MMODEI

READ TAME S,I(CIR,J),_-I,NE)_K-I,2I

DO _DO K-L,2

DO 4OO J-l,R2
• O0 CIK,J)-CIK_JI-CST(RI

C COttPUTE REAK*_EA_ AND _ERNSQURRE OR RESPONSE

DO 0¢-1._

DO 2 I-I,NMOOE

DO S Jol,R2

AMEIM,I).A(K,I,J_÷A_E_K,I)
ANSIM,I).A(_hJIO_E+AMS(K,Z)

$ AMIK,I).MAX1FtAASFIAIK,I,J))*AN(K*Ill

DO 9 C-1.3
O0 9 J-hN2

SIK,JI-O°O

DO R I-S,_¢g[
9 BC_,jI.BC¢.J_+AIKoI,J)eFE¢I)

DO 10 KI1,$
DO 10 J*1*NE

BNEI_I-DNE(M)_BIK,J)

SRSIKI.BMSIKI_DIK,J_*•2

10 BN(AI,_AXLFIADSF(D{_,JI)*ON(K)I

DO 11 M-1.2
DO 11J-l,R2

CNEIMI-C_EIKI_CIK*JI

¢RSIK)-CRS(K)o'C(K*J_e*2

11 ERIKI.MARIF(ABSRICIM_JI),CMIK)I

IFILR-11_00*E01*201

_00 DO 12_ J-I,R2
DO L21K*I*_

12t EIK_J).SI¢IJ_BNAXI¢)/2,0

12_ EORTZHUE

OO 129 K-1,S

MSK-NiIK_

DO 129 Jml*RZ

DO 127 IQ-1,HBK

XKO-KQ
IRISI¢,J_-MMQeOB[K))IES*lED,IZT

12T CONTINUE

12D COURTBI¢,KDI_COUNTS¢K*AQI*Io

129 CONTINUE

DO 1)2 A-1.2

MCRmMCIRI

150 KO-]*_CK

X¢O-¢O
IF¢CIK*JI-SSO*DCIKIII_I,IEI_IEO

lEO CONTINUE

IS1 COURTCIS*KO)*C_TC(K*KO)_Io

152 CONTINUE

2O| P#lMT l*RS

IFIRS)_O,_O,29

29 e._TO I_

C PRINT OUT RESULT OF C_PUTATIOR

3O DO _1KIhS
DO $1 IIl*_O[

AREIK,I)mAJ, IEIK*]I/X_P_

_1 A_SI¢,_I-_4SIR,]I/SNPI

DO _2 ¢-]*3

SMEI_)-BMEt¢)/XMP|
32 S_SIR)-DMSIKIIXNPI

00 $1 K-l*2
¢M[(¢)-C_E(KI/X_RI

_3 CMSCKI.C_SIK)rXNRI
IF(LP-I)202,EO_*_O_

2O2 DO _0 K-I,_

XE-X_RI*DRt_)

DO 9O KO-1*_K
9O COUNT_(K,_O)-¢OU_TS(_,KO)rXB

DO 51 K.1,2

MC_-NCIK)

XC-XNP_*O¢IK_

DO 51 _O,],MCK
_1CO_TC(R*KO_°COUNTCIKoKO)/XC

20_ PRINT _5
3_ FORNAT¢_X_HAMI

36 PRINT )?,IAMIKoI)*I,IoRNODEI
ST FOMMATIIOE11._)

PRINT _i

SS FORMATI3X_HA_E)

39 PRINT _T,IAME_K,I)*I-I,N_OOE)

PRINT 4O
_0 FDMMATI3X3MANS)

DO 41 K'I,_

_1 PRINT _T,(A_S(K,I_,I-]*_ODE)

PRINT'42

_2 FORNAT(_XEMB_)

PRINT 37,(D_aK)*_°l,_I

Pm[NT AS

_3 EORNATI_X_D_E_

PMIRT 3T*IDME(¢_*¢_I,_
PRInt 4_

• 4 FORMAT_3XSHDMSI ,

RRIRT _T,¢DMS(_I*K'L,3)

PRINT AS

4_ FOMMAT¢_XE_I

PRINT _T*(CMI_,K*I*2)
PMIRT A6

_6 FORMATC_XS_CNE)

PAINT _7°ICMEIK)*K-1,21

PRInt 47
• T FO#_ATI_X_HCNS)

PRINT 3T,ICMS(KI,_-],ZI

CALL ME_UNL(9)

IFILP-I_ZO*,20_°20S

20_ PMIMT 6O
6O FORMATI_X6HCOUNTBI

DO 61 K,I*_

NS¢-MA(K)

MM[NT 6_

51 PRINT 62,(¢OUNTB(_*_DI.KO-|°NBK)

62 FOR_ATIEE]A*6)
S_ FOM_ATI1H1)

PRint 64

6A FOM_ATI3XAM¢OUNTC)

00 65 K°t,2
_CR-MCIR)

PRINT 63

65 PRINT 62_(COUNTCIK*KOI,KQ_I_MCK)

E0S CALL EXIT

IN0



A,

APPENDIX 2

Airplane Data

Boeing 707

i. General Arrangement- see Fig. 4.

2. Inertia Data

Gross Weight of Airplane

Main

Unsprung Mass

Nose

.

4,

5.

W = 324030.0 Ibs

WI = 4992.0 lbs

W2 = 342.0 ibs.

Airplane Pitch Moment of Inertia about C.G. J = 0.645 x 108 ib-in-s 2

Modal Frequencies and Generalized Masses

Mode No. Modal Frequencies rd/s Generalized Masses
lb- in- s2

1 7.22 3o.78o

2 18.00 23.199

3 23.85 58.436

4 31 .o 52.987

5 38.8 61.878

6 55 .o 16.038

Damping Coefficient of Airframe

Mode Shapes

Mode No.

k = 0.025

Location on Fuselage

Main Gear Nose Gear

i -0.122 O.O3O

2 o.037 o.o89

3 -O.OLO o.298

4 0.230 -0.560

5 -0.168 0.0_0
/

6 -0.065 0.083

Main

Nose

6. Lauding Gear Data

a) Tire Stiffness

Pilot 's Compartment

0.056

O.lO3

o.383

-o.8oo

o.08o

0.160

ktl = 96500.0 lbs/in.

kt2 = 135OO.O lbs/in.
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3o

Main

b) Limiting Coulomb Friction Force
Nose

c) Nonlinear Spring Forces - see Fig. 5.

d) Oleo Damping Coefficients - see Fig. 6.

Boeing 733-94

I. General Arrangement - see Fig. 7

2. Inertia Data

Gross Weight of Airplane

Main

Unsprung Mass

.

2.

' = i000.0 Ibs.Fi

F_ = 600.0 lbs.

W = 389000.0 ibs.

W1 = 4650.0 ibs.

Nose W2 = 460.0 ibs.

Airplane Pitching Moment of Inertia about C.G. J = 0.23 x 109 ib-in-s 2

Modal Frequencies and Generalized Masses

Mode No. Modal Frequencies rd/s Generalized Masses
ib-in-s 2

1 11.90 41.15

2 13.11 30 60

3 23.93 28.17

4 28.37 42.75

5 33.13 28.86

6 36.51 31.95

Damping Coefficient of Airfrsme X = 0.025

Location on Fuselage

Mode Shapes

Mode No.

Main Gear Nose Gear Pilot's Compartment

i -0.130 0.122 0.20_

2 -0.O88 0.485 0.760

3 -0.008 0.043 o.ioo

0.020 0.278 0.651

5 0.039 o.iio 0.330

6 o.162 0.089 0.284

lO8



. Landing Gear Data

a) Tire Stiffness

Main

Nose

Main

b) Limiting Coulomb Friction

Force Nose

c) Nonlinear Spring Force - see Fig. 8.

Main

d) Oleo Damping Coefficient

Nose

Ktl = 96000.0 ibs/in.

Kt2 _ 9600.0ibm/in

F_ = I000.0 lbs.

F_ = 600.0ibs.

D1 = 50.0 lb/(in/s) 2

D2 = 4.0 lb/(in/s) 2

NASA-Langley, 1964 CR-II9 109
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